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INTRODUCTION 



Thts IS an in-service training manual for ap- 
prentices working jn heavy duty mechanics 
shops who wjsh to complete Modufe One, 
Heavy Duty Mechanics Appiofitlceshrp 
Training in-serv*ce. It covers the same 
matenal that ^s taught in the 14 week training 
program for Module One Gt the vocational 
schools. Although you don't have an in- 
structor to assist you like apprentices at 
school you will receive assistance from your 
empioyer and the journeyman you work with. 

The manual is divided into nine blocks: (l) 
Shop Equipment and Practices. (2) Starting, 
Stopping. Moving Equipment. (3) Hydraulics. 
(4) Brakes, (5) Power Trains. (6) Frames, 
Suspensron, Running Gear and Working At- 
tachments. (7) Engines, (8) Electricity, and (9) 
Winches. Hoists and Cables. The material in 
blocks 1, 2, 6 and 9 is deaK with in a fairly 
thorough manner as these sub)ects won*t be 
covered again in your training courses. The 
other blocks, blocks 3, 4. 5. 7 and S, are intro- 
ductions '^hat give a basic gro/nding in their 
Subjects. The topics in these blocks will be 
covered in great'^r detail in later courses. The 
mam idea behind the depth that subjects are 
studied in this manual is to try to relate 
course material to the work you will actually 
be doing in the shop at thic. level of your ap* 
prenticeship. This is the reason, for example, 
that detailed information is given on frames, 
suFt^ensions and running gear, whereas only 
basic information is given on electricity it is 
assumed that you will be doing a lot of work 
on Suspension and running gear, but little on 
electrical systems. 

Each of the blocks is laid out m the following 
pattern: the block begins with a section on 
parts theory that gives the purpose, types, 
operations (how they work) and applications 
(where they are used) of the parts and 
systems being discussed A set of questions 
follows the parts theory, the answers to which 
are cjiven at the end of the block. Next is a 
section on service that is divided into Daily 
Routine Maintenance, Scheduled Main- 
tenance and Service Repair. Daily Routine 
Maintenance deals with watchful visual 
checks and adjustments; Scheduled Main- 
tenance with scheduled lubrication and 
checks; Service Repair with removal, 
disassembly, repair or replacement and in* 
stallations. The Service Repair sections in the 
blocks that are written at a basic level are 
limited to the types of repair that you are 



likely to be doing in your shop. Another sel of 
questions follows the service section The 
blocks end with a list of practical tasks that 
should be cnne during daily work at your job 
Vour employer hae a Task Check Chart, that 
he wilt complete to vouch that you have done 
all the tasks listed in the manual 

l^ollowing is some advice on how to approach 
the course: 

— It is expected that the program will be 
completed within a three mor^th period; 
however, provision is made for up to a 
three month extension if required Try 
to space the blocks out over the time 
you set to do the course There is a lot 
of material here, and if you leave it all 
to the end, you won't get finished. 
Monitoring of your orogress in the 
course is done by your employer and 
by contact with the Apprenticeship 
Branch^ Since this is an individualized 
learning package, there is no one 
standing over you telling you to do so 
much today and so much tomorrow. 
The onus is on you to keep a regular 
progress through the course. And it 
won't be easy. 

— Dont skrp out a section thinking that 
you already know it. There probably 
will be material in it that you are un 
certain of. And besides, if you know 
most of the material already you'll be 
able to go through it quickly, 

— Blocks 1, 2, 3, 4 and 5 should be done 
first. The other blocks can be taken in 
any order, although ifs probably best 
to take *hem in the order in which they 
come. 

— The questions are straightforward; 
*here are no trick ones. They can all be 
answered from a close study of the 
text- Try to do as many of tJie questions 
as you can, without going back to the 
text. If you can't get a questioni then 
open the text and seek the answer 
rather than tu rning to the answers. This 
way you re-read the topic and get a 
more complete understanding of it than 
it you just look up the answer, 

— The practical tasks should normally be 
completed as you work on the material 
m each blocks however* this may not be 



practical due to other work com- 
mitments in the shop. 

N.B. Some tasks may have already 
been covered in your day to day 
work- 

Check with your employer to ensure 
that all areas of practical training have 
been covered. 

— When you complete this manual and 
the practical tasks you will be required 
to Write an Apprenticeship Branch 
examination. 
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7:1 



BASIC INTERNAL COMBUSTION ENGINE 

An internal combustion engine isbasrcafly a 
container in which a mixture of air and fuel is 
burned. This mixture rapidly expands while n 
burns> creating a force thai pushes against a 
pjston. With the force of expanding gas acting 
on il, the piston has the potential to perform 
work- Thus an internal combustion engine 
converts the heat energy of fuel into 
mechanical work energy A simple internal 
combustion engine is shown in Figure 7-1 



One complete series of these events is called 
a cycle. To produce sustained power the 
engine must repeat this cycle over and over 
again. 

An engine uses two forms of motion to trans- 
mit energy (Figure 7-2) 

— reciprocating motion" up-and-down or 
back-and-forth motion 

— rotary motion circular motion around a 
point 
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PISTOM L^>=^^ CRAHKSHAFT 
CYLlMoeR CONNECTING ROO 

^ ^^^^ (7-3) BASIC PARTS OF THE ENGINE 
Courtesy oi John Oeere Lid 



(7-1) 

CoLiftesv of John Ooere Ltd 

An engine performs the following series of 
events 

r Fills the cylinder with a combustible mix- 
turo of fuel and air (intake) 

2 Compresses this mixture into a smaller 
space (compression) 

3. Ignites the mixture and causes tt to ex- 
pandn producing power (powe») 

4 Removes the burned gases from the cylin- 
der (exhaust) 



Using four basic parts an engine converts 
reciprocating motion into rotary motion 
(Figure 7-3). The piston and cylmdei are 
mated parts, closely fitted so the piston glider> 
easily m the cvlindsr with a minimum oi 
cleararxe at the sides There is sufficient 
space above the piston for the combustion 
chamber, and the top of t^'^ cylinder is closed 
by a cylinder head. The c -nnecting rod trans- 
mits the motion tho piston to the 
crankshaft. A simple cranio shaft has a section 
offset from the centerlme of the shaft so that it 
cranks when the shiift is turned. The stroke of 
the piston (how far it travels in the cylinder) Is 
set by the throw of the crankshaft (how far it is 
offset). 
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Thu$. the swing oi the connecting rod and the 
offset oi the crankshaft convert the vertical 
motion of the piston to rotary motion at the 
crankshaft (Figure 7*4). This change rn motton 
IS basically the same as that created when 
pedalling a bicycle, the up and down motion 
of youi leg is changed to rotary motion at the 
sprocket and wheels. 




OFFSET 
CRANKSHAFT 




(7-4) HOW PECIPROCATING MOTION IS 
TRANSIT TTED TO THE CRANKSHAFT 
nS ROTARY MOTION 

Courtesy oi John Oeere Ltd 



COMBUSTION THEORY 

Three basic elements arc needed to produce 
heat energy in an engine: 

— air 

— fuel 
combustion 

When fuel is mixed with air and ignited the 
mixture will burn It's the oxygen in the air that 
allows the fuel to burn, fuel can't burn without 
Oxygen. The characteristics of air and fuel 
thai affect combustion are discussed below. 



Air 



Air can be compressed. One cubic foot of 
air can be packed into one cubic inch or 
less (Figure 7-5). Since air does compress, 
a large volume of it can be packed into a 
cylinder to surround the fuel and help it 
burn 
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ATMOSPHERIC AIR COrtPRESSEO AIR 

(7*5) Courtesy of John Oeere Ltd 

Air heals when it s compressed (Figure 7* 
6) The air molecules rub against each 
other and produce heat. The heat aids 
combustion because it vaporizes the fuel 
and fuel burns best in a vaporized state- 
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Fuel and Combustion 




1. 



Fuel mixes readily with air. The modern 
gasoline engine works be?t when about 
15 parts of air are mixed wilh one part of 
fuel (Figure 7-7), 



® AIR 
A FUEL 

{7<7} 

FUEL-AIR RATIO FOR 
GASOLINE ENGINE 
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FueUAir Ratio For Qisolfne Engine 



2. 



These parts are measurod by weight, not 
by volume. Since air i£; very lighl 90.000 
gallons would be need€^d to make up ihe 
weight necessary to mix with 10 gallons of 
fuel 

Fuels are volatile. That is. they vaporize at 
tow temperatures. The ability of a fuel to 
vaporize allows each particle of fuel to 
contact enough air to burn lully. 

A fuel's physical state affects the speed at 
which a will burn, i.e,, th€^ more air that 
can get at the fuel the faster it will burn 
(Figure 7-8). 

Courtesy ox John Deere Lid 





SOLIO f'UEL 
IN CONTAIMER 

Bums tazily because atr 
only contacts the 
surface fuel 



SOLID FUEL 
SPREAD OUT 

Burns more auickly 
because more ajr 
contacts the luei 



VAPORIZED FUEL 

Burns very quickly 
because air can completely 
surround the particles 
of fuel 



In an engine only vaporized fuel is burned. 

4. Fuel must burn quickly to give Ihe ex- 
plosive force necessary for full engine 
power, yet »t can t burn too explosively or 
It could blow up the engine. The rate of 
burning can be controlleo by regulating. 

— the volatility of the fuel 

— the proportion of fuel in the fuel air 
mixtu re 

— the pressure and the heat of the air 

Supplying, Compressing and Igniting Fuel Air 
Mixtures 

In gasoline engines, fuel and air are mixed 
outside the cylinders in the carburetor and 
manifold^ The mixture Is drawn into the cylin- 
der by the partial vacuum created during the 
piston s intake stroke. In diesel engines, there 
is no pre-mixing of air and luel outside the 
cylinder. Air only js taken into the cylinder 
through the intake manilold. 



After entering ihe cylinder the air fuel mixture 
in a gasoline engine, and only the air in a 
diesel engine, are compressed. The amount 
that are compressed is called the com- 
pression ratio. An 3 to 1 compression ratio is 
typical for gasoline engines while a 16 to 1 
ratio is common for diesels (Figure 7-9), 
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GASOLINE 
8 TO 1 RATIO 




DIESEL 
16 TO 1 RATIO 




(7-9) COMPRESSION RATIOS COMPARED 
Couriesv o( John Oeore Ltd 
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The fuel jn the compressed fuel air mixture in 
a gasoltne engme is ignited by a spark plug. 
In a diesel engme. as the piston nears the lop 
of Its compression stroke, fuel is mjecled or 
sprayed into the cylinder and mixes with Ihe 
compressed air The fuel is then ignited by the 
heal (approximately 538 C) of the den*^eiy 
compressed air. 

Figure 7 to io summarizes fuel combustion in 
gasoline and di«sei engines. 
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CHARACTERISTICS OF ENGINES 

Engines can be characterized or classified 
accordrng to: 

— number of cylinders 

— arrangement of cylinders 

— arrangement of valves 

— number of strokes per cycle 

— type of cooling 

— type of fuel burned 

These engine characleristics are discussed 
below 

NUMBER OF CYLINDERS 

The previous discussion of basic engine prin- 
ciples focused on a single cylinder engine. 
Single cylinder engines are used on small 
equipment such lawnmowers. Other 
engines have multiple cylinders: 2. 3. 4. 5, 6, 6, 
12 and 16 An even number of cylinders is 
most common. Multiple cylinder engines give 
a smoother more conlinuous power flow than 
single cylinder engines. 

Multiple cyhnder engines have one common 
crankshaft with all the pistons and connecting 
rods connected to it (Fjgure 7-11). 



GASOLINE 



(7-10) 



DIESEL 



Fuel-Air Are 1 
Mixed in Carburetor 2 
Mixture Enters Cylinder 3 
and IS Compressed 4 
Spark Ignites 
The Mixture 



Air Only Enters Cylinder 
Air Is Compressed 
Fuel Is Sprayed in 
Fuei-Ajr Ignites 
From Heat ot Compression 



Courtesy oi Jom Deere Ltd 



Note that the higher compression ratro makes 
a diesel more efficient than a gasoline engine 
The higher ratio allows for a greater ex- 
pansion of gases in the cvJinder after com- 
bustion and this results in a more powerful 
stroke A consequence oJ the higher com- 
pressjon ratio is that diesel engines have to 
be buitt oi sturdier, more expensive parls lhan 
gasoline engines to withstand the greater 
combustion forces A diesel s pistons, prns. 
rods and cranks are beefed up. and it has 
more mam bearings to support the crankshaft. 
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(7-11) CRANKSHAFT FOR A SlX-CVLINDER ENGINE 

Couriesy oi John Deere Lid 
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The crankshaft is shaped so that the pistons 
will all complete one cycle intake, com- 
pression power and exhaust wa^^in one» or m 
some engines two. crankshaft revolutions. 
Weights on the crankshaft balance the forces 
from tht5 rapidly moving parts within the 
engine^ A heavy flywheel connected to the 
rear of the crankshaft also balances or evens 
out the power impulses from the pistons. 



ARRANGEMENT OF CYLINDERS 

Multi-cylmder engines are made in one of 
three configurations (Figure 7-12): 

— in-line 

— V 

— opposed 






it{.LlKE 



V^TYPE 



OPPOSED 



(7-12) 



Courtesy oi John Oeore Lid 
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The in-line cylinder arrangement has all the 
cylinders in a straight line above the 
crakshafl; the V has two banks of cylinders 
arranged in a V above the crankshafl: the op- 
posed has two rows ol horizontal cylinder one 
on eilher side of the crankshafl The in-line 
and V are the two mo'^{ common cylinder 
arrangements lound on heavy duty machines 

The cylinders in an engine are usually rium- 
bered In-line engine cylinders are riumbered 
1. 2, 3. 4, etc . starling at the end of the engine 
furthest Irom the flywheel. The cylinder num- 
bering for V arid opposed cylinder 
arrangements vanes with the manufacturer. 

VALVE ARRANGEMENT 

Another common way to classily engines is by 
the arrangement of the intake arid exhaust 
vafves. The valves can be located in diffe'?ni 
positions in ihe cylinder head or the cylmder 
block^ Figure 7-13 shows four types of valve 
arrangments, 

CYLINDER HEAD 




LHEAD 



^ ^^^^ /-7 F-HEAD 
(2 CYCLE) (7-13) 



Courresy of John De^rre trd 



The 1-Head and H-Head are combined under 
the name of overhead valves and are the most 
common valve arrangements used loday. 



NUMBER OF STROKES PER CYCLE 

Most engines have either a two or a four 
stroke cycle. The two stroke cycle engine has 
two strokes ol the pistoni one up and one 
down, during each cycle. These two strokes 
occur during the one revolution of the 
crankshaft and Bte repeated over and over 
agam. 

The lour stroke cycle engine has four strokes 
of the pistoni two up and two down* during 
f>ach cycle. The four strokes occur during two 
revolutions of the crankshaft. Most engines 
today have a four stroke cycle. 



Two Stroke Cycle Engine 

In the two stroke cycle engine, the complete 
cycle of events — intake, compression, power 
and exhaust — takes place during two piston 
strokes. Every time the piston moves down it's 
a power stroke, every ttme it moves up it's a 
compression stroke The mtake and exhaust 
take place during part of the compression ano 
power strokes Figure 7 14 iili^strates the 
cycte of events on a two stoke diesel engine. 




PCMEfi 

Courtesy of John Deoro tid 
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Occasionally, in this type of diesel engine, a 
blower (also called a scavenge blower) forces 
air into the cylinder for the expul£;ion ol 
exhaust gases and the supply of fresh air for 
combustion In place of intake valves Ihe 
cylinder wall contains a row of ports which 
are above the piston when it is at the bottom 
of its stroke These ports admd air from the 
blower into the cylinder when they Are un- 
covered (during intake) 

The flow oi air toward the exhausl valves 
pushes the exhaust gases out of the cylinders 
and leaves them fufl of clean air when the 
piston agam rises to cover the ports (during 
compression!) At the same t»me, the exhausf 
vaKes close and the fresh air is compressed 
in the closed cylinder. 

As the prston nears the top of :ls compression 
stroke, fuel is sprayed 'nto the combustion 
area The heal of compression ignites the fuel 
and the resulting pressure forces the piston 
down on its power stroke. The pislon then un- 
covers the mlake porls. the exhaust valves 
open, and the cycle begins once more. 

This entire cycfe is completed in one 
revolution of the crankshaft cr iwo stokes of 
the piston. The number of pistons the engine 
has makes no difference, all pistons in this 
two cycle engine will fire during one 
revolution of the crankshaft 




INTAKE COMPfiESSIOH 

F^;«I^Alr Mixture tAttwtv Is ComPrcsscJ 

U Orown lni« By Up-Slr<ytcc Of PfSK^n 

Cj^l.ndcf Fr^jm Cor BotU Inroto <jnd Exhoo^l 

Wotor TWg<)h Vf^f^cs OfC CloSctf. 
Open IflroVc Volirc 
Zr Oown-Sirokc Of 



Four Stroke Cycfd Engine 

In four stroke cycle engines, the same four 
operations occur — intake, compression, 
power, and exhaust however, four strokes of 
the prston. two up and two down, are needed 
to complete the cycle As a result, the 
crankshaft will rotate two turns before one 
cycle IS completed. 

Figure 7-1 5 shows the strokes of a four stroke 
cycle gasoline engine. 



The intake stroke srarts with the piston near 
the top and ends with it near tne boUoTt of its 
stroke. The fntake valve is opened and as the 
piston moves dcwn a low p*'essure is created 
within the cylinder. Atmospheric pressure 
then forces the air-fuel mixture in a gasoline 
engine, or air only m a dieses engine mto the 
cylinder. 

The compression stroke begins with the 
piston at the bottom of the cylinder. Next the 
piston rises, compressing the fuel-air mixture. 
Since the intake and exhaust valves are 
closed, there is no escape and the mixture is 
compressed to a fraction of its original 
volume. 



(7-15) FOUR STROKE CYCLE ENGINS 
(Gasoline Shown) 




POWER EXHAUST 

Compfcsscd Mrxtur« Is Piston On Up-Sr«yJtc 

Ignircd By Spoflt Pbg Forces BwrneJ Goscs 

on<J ExPoncfing Go^C^ Ffom Cylinder ThrOvgh 

Force Prsion To 6*rr<ym Qp^n Eihowst VoUc 
Of Cytmdor VqIycs 
R^mOin Closc<I. 
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The power stroke begins when the pision 
nears the (op of its stroke and the fuel-air mix* 
lure \s ignited As the mixture burns and ex- 
pands. It forces the piston down on its power 
s^'^oke The valves remain closed so that all 
the force is exerted on the piston 

The exhaust stroke begins when the piston 
reaches the end of its power stroke The 
exhaust valve is opened and the piston rises, 
pushing oui Ihp burned gases When the 
piston reaches the top^ the exhaust vatve is 
closed and the piston is ready for a new four 
stroke cycle of rntake, compiession power 
and exhaust When the piston completes the 
cycle the crankshaft will have gone around 
twice 

Two Cycle versus Four Cycle Engines 

It mignl be reasoned that the two cycle engine 
can produce twice as much power as a four 
cycle engine However, this is not quite true 
In the two cycle engine, some power may be 
used to drive ine blower that forces the fuel- 
air charge into the cylinder under pressure. 
Also, the burned gases are not completely 
cleared from the cylrncfer resulting in less 
power per power stroke Another loss in the 
effective power stroke occurs because the 
exhaust valves open earlier in a two cycle 
engine 

The actual gam in power of a two cycle 
engine over a four cycle engine of the same 
displacement is about 75% 



The three fuel systems are discussed m detail 
lurther on in this section The chart in Figure 
7-16 compares the performance of gasoline. 
LPG. and diesel engines 

The comparisons assume that each fuel is 
available at a reasonable price. Performance 
IS based on general applications which are 
suited to the engine and fuel type It is also 
assumed that the engines are all in *^cocI con- 
dition 



(7-16) 

COMPARING The engines 





Gasoline 


LPG 


Diesel 


Fuel Economy 


Fair 


Good 


8 est 


Hours Belore 
Maintenarice 


Fair 


Good 


Good 


Wejght per 
Horsepower 


LOW 


Low 


High 


Cold Weather 
Stariirig 


Good 


Fair 


Fair 


AcceleraUOn 


Good 


Good 


Fair 


ContiriL'OuS 
Oi'ty 


Fair 


Fair 


Good 


Lubncaiirig On 
COrtlarnjfiation 


Moderate 


Lowes' 


Low 


ComPressrOn 
RaiiO 


Low 


Higher 


Highest 



CouftOSy 0l Juhn DeorO Lid 



TYPES OF ENGINE COOLING 

Engines can also be classified according to 
their cooling system There are two types ol 
cooling water cooled and air cooled Air 
cooled Systems are generally used on small 
engines although one manutacturer of diesel 
engines. Ouetz uses air cooling on its 
engines Water or liquid cooled is the most 
common melnod oi engine cooling Coohng 
systems are detailed Ir.ter 

TYPE OF FUEL 3URNE0 

The thr^e most common types of engine fuel 
are 

gasoline 
- diesel 

Liquid Petroleum Gas (usually 
propafie) {LPG) 
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QUESTIONS — INTflODUCTJON TO 
INTERNAL COMBUSTION ENGJNE 

1* An internal combustion engine converts 

the energy of fuel inio 

energy that does work. 

2. What are the three basic elements 
needed to produce heat energy in an 
engine'^ 

3 What happens to the air in a cylinder 
when It IS compressed? 

In what physical state is fuel burnt in an 
engine? 

T''ue or False? M is the nitrogen in air 
that causes fuel to burn- 

An engine changes reciprocating motion 

into motion to transmit 

energy, 

7, For an engine to operate* which 
sequence of events must occur? 

(a) intake* exhaust- compression and 
power 

(b) compression- intake- power and 
exhaust 

(c) exhaust* power* compression and 
intake 

(d) intake* compression* power and 
exhaust 

8 One complete senes or the events in tho 
last question is called a 

(a) stroke 

(b) circle 

(c) cycle 

(d> stroke-cycle 

9 When both intake and exhaust valves are 
located m the cylinder head* the engine 
IS said to oe a 

(a) F-Head 

(b) l-Head 

(c) L-Head 
<d) N^Head 

10 Briefly explain the basic difference be- 
tween a two stroke cycle engine and a 
four stroke cycle engine. 



12- What are the three most common types 
of fuel burned in internal combustion 
engines? 

13. What is the basic difference m the com- 
bustion processes of diesel and gasoline 
engines? 

14 Why IS the compression ratio higher m a 
diesel engine? 



11. Engines can either be ^ 
or cooled* 



. cooled 



ERIC 
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The remainder of this block on Engines will 
discuss the five basic engine support 
systems: cooling, lubrication, air induction, 
exhaust and fuel 

COOLING SYSTEMS 

The cooling system has two functions. 
1. To prevent overheating of the engine. 

Overheating could burn up engine parts in 
a short time. Some heat is needed for 
combustion, but a worKmg engine 
generates too much heat. The cooling 
system must carry off this excess heat. 

2 To regulate engine temperature. 

Regulating the temperature allows the 
engine to be maintained at the best heat 
level for good combustion durmg each 
stage of operation During starting, no 
cooling IS necessary since the engme 
must be warmed up as fast as possible 
Later during peak operations, the engme 
must be cooled. 

TYPES OF COOLING SYSTEMS 

Two types of cooling systems are used on 
modern engines- 



Air cooling — air passes around the engine to 
dissipate heat. 

Liquid Cooling — water circulates around the 
engine to dissipate heat. 

t At Cooling is used primarily on small engines 
or aircraft as it is difficult to route air to all the 
heat points of larger engines. Metal baffles, 
ducts, and blowers are used to aid m 
distributing air to engine parts. 

Liquid Cooling normally uses water as a 
coolanl. In cold weather, anti-freeze solutions 
are added lo the water to prevent freezing. 

The circulation of the coolanl through the 
cooling system can be followed m Figure 7-17. 
A water pump (8), mounted on th^= engine, 
draws coolant from the radiator iXDtlom, 
through the coolant inlel hose (9). The coolant 
IS then forced through the oil cooler (to)» and 
into the cylinder block, 1 he coolant ihen cir- 
culate^ around the cylinder bores and up into 
the cylinoer head water facket, through the 
thermostat housings (6), up through coolant 
Outlet noses (3) and back to the radiator (4). 
Air flow through the radiator cools the water 
and dissipates heat into the air. The water 
then recirculat#?s into the engine to picK up 
more heat. 



1— Thermostat 

2— Crossover Tube 

3— Coolant Outlet Hoses 

4— Radiator 

5— Deaeration Line 

6— Thermo$tat H-ysm(j 

7— Over Flow Tube 

8— Water Pump 
d-Coolant Inlet Ho$e 

10— Engine Oil Cooler 

1 1— Pressure Relief Valve 

12— Water Filter (If Used) 
l3"Drain Cock 



RADIATOR MOUNTING AND HOSES 

{COOLING SYSTEM} 
2 1 5 




Counesy ot Te^ex Div*s*on ot 
General Motors Cof potation 



21 



ENGINES 



7:11 



COOLING SYSTEM COMPONENTS 

BlockSi Heads and Manifolds 

The engine cyl.nder block and head contain a 
number of connecting passages to allow 
coolant to flow comptetety around all of ihe 
cylinders, combusnon chambers and valves. 
Togelher these passages make up the water 
lackei (Figure 7-18) 



WATER 
JACKFTS 




CYLINDER MEAD 
VALVE 

^ CYLINDER 

PISTON 

CYLINDER 
BLOCK 



{7-18)IN-LINE BLOCK 



CouMesv o' John Oeere Ltd 



The water lacket holds only a small amount of 
coolant This small amount allows for rapid 
warm up while the thermostat is closed when 
first starting the engine, but is still enough to 
provide efficient cooling to fill the vital areas 
when the thermostat is open and the engine 
warm 

Note the holes m the cylinder block and cylin- 
der head m Figure 7-i9 Not alL but many, of 
these holes are water passages 

As well as the internal connecting passages of 
the water lackei, some engines use external 
connecting passages called water manifolds. 
They are bolted onto the outside of the engine 
by a flange mount and have a gasket between 
the two mating surlaces. Water manifolds are 
used, for example, between cylinder heads 
when an engine has multiple cylinder heads, 
or between the oil cooler and engine block- 




■19)nEM0VING The CYLINDER HEAD 

Coi;fieSy of John Oeer^ Ltd 

Radiator 

The radiator is the heat exchanger for the 
cooling system (Figure 7-20^. It consists of a 
top tanK. a bottom tank and a finned core sec- 
tion. The bottom tank is equipped with a drain 
at Its lowest point. The tanks may be soldered 
lo the core section like the one shown below, 
or the tanks and side pieces may be bolted to 
the core sections. Radiators used for large 
engines and machines generally have bolted- 
on tanks. ^^^^^ 

^.©^X Coufiesy oi J i Case 



TOP TANK 




BOTTOM 
TANK 

(7-20) 
TYPICAL RADIATOR 
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Two types of radiator cores are illustrated in 
Figure 7-21. a tube and fin core and a cellular 
core Variations on the tube and fin core are 
the most commonly used in radiators today. 



coolant IS transferred to the fins From the fins 
the heat is radiated out into the air currents 
that pass through the core and i$ carried 
away 



WATER 
PASSAGE 



TUBE 



AIR 




(7-21) 



TUBE and FIN-TYPE 
RADIATOR CORES 

Courtesy of John Deere Ltd 



WATER 
PASSAGE 




' ; (7-21) CELLULAR-TYPE 

RADIATOR CORE 

Courtesy of Joiin Oeere Lid 

Radiators work on the principles of con- 
vection (circulation oJ the coolant) and 
radiation (sending heat in waves into the air). 
Flow created by the water pump and by ther- 
mal syphon action carries heated coolant 
from the engine to the radiator. The heated 
coolant enters the radiator by the upper 
radiator connection hose. As the coolant 
Jlows down through the core* heat from the 



Water Pump 

The water pump is said to be the heart of the 
cooling system: it must circulate the water 
throughout the cooling system (Figure 7-22). 

The pump is located at the front of the engine 
and IS generally dnven directly or indirectly by 
V belts attached to the crankshaft pulley. The 
pump shaft is mounted on lubricated and 
sealed anti-friction bearings. The impeller, the 
part of the pump that propels the coolant, is 
pressed on the inner end of the shaft. The size 
and design o^ the impeller will depend on the 
coolant flow requirements of a particular 
engine. 

Most cooling systems use a centnfijgal pump 
Stmilar to the one in Figure 7-23. 



SPRING RETAINER 
ELBOW \ BALL BEARING 



HOUSING 
IMPELLER 



AlR COVER 





FAN PULLEY 
FAN HUB 



GASKET 

(7-23) WATER PUMP DISASSEMBLED 
Cotrrtesv oJ John Deere Ltd 



RADIATOR' 




BLOCK 

(7-22) Water pyjt^p Oo\jmsy of John Deere L\6 
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Thermostats 

The thermostat provides automatic control of 
engme temperature to get the best per- 
formance from an engine The thermostat is 
basrcafly a temperature sensing device and a 
valve. The temperature of the coolant acts on 
the heat sensory unit which opens and closes 
the valve creating a flow of coolant that main- 
tains the desired engine temperature. Only a 
small part of the engine s cooling capacity is 
required under light Ic Js^ even during warm 
weather. During warmnip the thermostat 
remains closed; by means of a bypass the 
water pump circulates coolant through only 
the engine water jacket. The engine quickly 
warms up to its operating temperature before 
Ihe thermostat opens. When the thermostat 
opens, hot coolant flov^^s from the engine to 
the radiator and back to the engine (Figuie 7- 
24). 




, ' OPEN 
(7-24) COOLING SYSTEM THERMOSTAT 
CouriesV ol John Deere Ltd 

The thermostat is located between the coolant 
outlet of the cylinder head and the top tank of 
the radiator The exact location will vary from 
engine lo engine. Large engines sometimes 
use two thermostats to reduce the restriction 
of water flow that can be caused by one ther- 
mostat. 

The two most common types of thermostats 
are" 

1. Wax pellet type — wax pellet expands 
with increased temperature to open the 
valve. 

2. Bellov^^s type — gas inside a bellov^^s ex- 
pands when heated causing the valve to 
open. 



Thermostats are made in a variety of tem- 
perature ranges to meet various working con- 
ditions. A high temperature thermostat has 
some advantages. High-temperature ther- 
mostatSi which open at 82 C (180 F) or more^ 
improve engine operation and reduce crank- 
case sludging and corrosive wear ot engine 
parts. An engine operating above 82 C (180 F) 
is hot enough lo: 

— improve combustion 

— burn impurities out of the oil in the 
crankcase 

— thin the oil to provide good lubrication 

Caution: Do not use low-boiling-point 
alcohol or methanol anti-freeze 
with high-temperature thermostats. 

Overheating may so damage a thermostat that 
the valve won't function properly. Rust can 
also interfere with thermostat operation. If a 
thermostat is not running properly the engine 
will run too hot or too cold. The foll^>win9 
practices should be observed with ther- 
mostats: 

— Always keep a thermostat in good 
v^orking condition. 

— Never operate the engine without a 
thermostat. 

— Always use the thermostat (design) 
specified for the make and model of the 
engine being used.) 



Fans, Belts and Drives 

The purpose of Ihe engine fan is lo create a 
draft of air through the radiator. When the 
engine runs, the fan pulls or pushes air across 
the radiator core to cool the liquid in the 
radiator. The ideal location of the fan is ap- 
proximately 2'/^ inches from the radiator core. 
The size and number of blades on the fan will 
vary depending on the cooling requirements 
of the machine. 

Fans on smaller engines aie bolted to a flange 
on Ihe water pump shaft. Larger engines have 
the fan mounted on a separate fan hub; this 
fan IS generally driven by a belt(s) from the 
engine crankshaft, as seen in Figure 7-25. 
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Fans can be either Si^ction or blo//er fans, 
dependrng upon the design ot the cooling 
System Suction fans (Figure 7-26) pull air 
through the radiator and push it over ihe 
engine The suction aesign permits the use of 
a smaller fan and r.idiator than is reciui^ej for 
blower fans Su' ^n *ans are used when 
machine mot* ^nds air movement through 
the radiator such as on a truck 



SUCTION 
FAN 



(7-26) 




Counesy ol 



Blower fans (Fjgure 7-26) pull air across the 
engine, then push it through the radiator. They 
are used m siow-moving machines and on 
equipment where harmful materials might be 
drawn into the radtator by a suction fan. 



8L0W£R 
FAN 



(7-26) 




The fan can be fixed drive or thermostaticdlly- 
operated drive The fixed drive fan turns con- 
tinuousry as the crankshaft turns, the ther- 
mostacic drive fan is temperature controlled 
and operates only when it is required The 
thermostat drive has the advantage of not 
wasting engine horsepower to turn the fan 
when It i3n"t needed. 

Some machines have ^ shrouding around the 
fan (Figures 7-27 and 7-28). Shrouding in- 
creases fan efficiency by controlling or direc- 
ting air flow through the radiator Fan shrouds 
fit close to the fan blades to prevent recir- 
culation of air at the blade tips. A blower fan 
IS usually set 1/3 into the shroud and a suction 
fan is usually set 2/3 into the shroud. 



FAN SHROUD 

S / \ 




Fan Shroud. 



(7.27) 

Courtesy d Caterpjiai Trader Co 



Coortesv of Jr^hn Oeore Lid 



25 



ENGINES 



7:15 



RADIATOR 



SHROUD 




Couiiesy ^^f^ MOlOr Company 



LOWER HOSE 



Belts lhat drive fans are called V belts be- 
cause of their V shape A belt's ability to 
iransmil power from the crankshafl depends 
on- 

1 The tension holding Ihe belt lo ihe pulley 
Belt tension ts a very important service 
point and will be covered later. 

2 Friction between the belt and pulleys 
Beits should run <^^^ Oil on belts causes 
them lo slip, and so any oil leaks in the 
area of the belts must be quickly repaired 

3 Arc of contact or wrap between the belt 
and pulleys Wrap is built into a belt and 
pulley when manufactured Figure 7-29 
illustrates how a V-belt runs in a sheave 
both at rest and under load. 





Because there is a definite fit to a belt and 
pulley, replace belts only with the type 
recommended 'n me servtce manual. 

Small engines (on automobiles ^nd light 
trucks) generally use one belt and this belt 
performs three jobs — drives the water pump, 
the fan. and the alternator Larger gasoline 
and diesel engines use multiple belts m mat- 
ched sets that may drive just the fan or they 
may drive all three: the fan. water pump 
alternator. 

Hoses and Clamps 

Flexible hoses connect the radiator to the 
engine. Flexible hose is used rather than rigid 
pipe because the hose stands up better under 
vibration. Radiator hose slide fits over Ihe 
radiator and engine connections and is 
secured with a compression clamp (Figure 7- 
30). CAP 



ADiaTOR »4o£E 



CLAMP 



AT REST (7-29) UNDER LOAD 

Couiosy Jofin Oeere Ltd 




flAWArOft HOSE wjwen 



Radiator AssEwetv aoos 
Courtesy 0( Ford Motor ComOJmy 
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Vanous types ol hose are mace 

1 Straight hoses will collapse if bent, and 
so IS only used between two in-line fit- 
tings. Available in various ID sizes and in 
three or four foot lengths to be cut as 
desired. 

2 Universal flex-hose has spiral wire 
moulded into the hose to prevent tt from 
coilapsmg when installed where a curved 
hose IS required It too comes in various 
I 0 sizes and in three or four loot lengths 
to be Cut as desired. 

3 tVloulGSd hoses are manufactured to the 
correct size, length and angle to fit a 
specific location. 

As durable as hoses are. they still have weak 
points Radiator hoses can be damaged by ho» 
air or over heated water and :^'^nera;iy will 
deteriorate over long penodr j age. Two 
common types of hose damage are 

1 Hardening or cracking which destroys 
hose flextbilityi causing leakage and 
allowing small pieces o' i-ubber from the 
hose s inner hner to clog the radiator, 

2. Softening and swelling which deteriorates 
the hose lining and can cause the hose to 
rupture or break 

Radiator Shutters 

Shutters help to maintain optimum engine 
temperature by controlling air ftow through 
the radiator 

The system consists of (Figure 7-31)' 
t the shutter 

2 shutter control bar 

3 air cylinder 

4 shutterstat (temperature control valve) 




(7-31) AlR-OPERAieD RADIATOR SHUTTER 
ASSEMBLY - GAS ENGtWE 

Couaesy FOrd Moior Compnny 

Q1015-A 



Shutter action depends upon engine tem- 
peratures as sensed by the shutterstat. The 
shutterstat is- located so that it responds to 
coolant temperature. Until coolant tem- 
perature rises to approximately 185 F (85 C), 
the shutters remain closed- When the shut- 
terstat operating temperature is reached, ther- 
mostatic action shuts off air supply to the air 
cylinder and simultaneously exhausts air 
pressure Irom the cylinder. Shutter spring ac- 
tion then opens the shutters. Note that the 
shutters don't partially open; they are either 
fully open or fully closed 

Coolant Filter 

Some engines use a filter m the cooling 
system The coolant hiter (Figure 7-32) softens 
the water and removes dirt As a result, the 
cooling system dissipates heal better and its 
working parts wear longer 
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17-32) COOLANT FILTER 

Couftesy ol ^ot\r\ Oeofe Ltd 



The coolant filter has a replaceable element. It 
also has a sump at the bottom of the filter 
wtiere dirt settles. The sump drain plug should 
be opened periodically to dispose of the 
sediment* 

Instead of replaceable element coolant filters, 
some manufa;turers use spm<>n fillers that 
are thrown a^ ^ay after the engine has gone a 
certain num>er of miles For servicing their 
vehicle these manufacturers supply a set of 
spin-on-throw-away filters for oil, fuel and 
coolant They reason that the coolant filter is 
less likely to be overlooked (which does hap- 
pen with replaceable element filters) \i it is In- 
cluded with the other filters 

Chemicals m the filter elemenl and resislor 
plates soften the water by removing 
corrosives The softer water helps to keep Ihe 
radiator and water jackets free of scale 
Another chemical in the filter^dissolves into 
the water to alkalize it just enough lo prevent 
ac id corrosion of Ihe melal parts. Rust 
inhibitors are also placed in the elemenl 
which dissolve into Ihe water and form a rust- 
protective film on the metal surfaces of the 
cooling system 

The filter shown in Figure 7-32 is a bypass 
type If It clogs, atl \''aier wUI bypass tne filler 
and go straight lo the engine. 



Different types of coolant filters are available 
One factor that has a bearing on filter lype is 
the kind o. rnti-freeze used in the cooling 
syste<r^^ vAXeis anti-freezes must be conv 
palibf<=i. 

COOLANT 

Cooi&nt Remiir0»r.ems 

A suitable coolant solution must neet the 
followin(^ Layj requirements: 

— provide for adequate heat transfer 

— provide a corrosion -resistant en- 
vironment within the cooling system 

~ prevent formation of scale or sludge 
deposits in the cooling system 

— be compatible with the cooling system 
hose and seal materials 

— provide adequate freeze protection 
during cold weather operation. 

When freeze protection is not required a 
solution of suitable water plus corrosion 
inhibitors (assuming no coolant filter) will 
satisfy these requirements When freeze 
protection IS required a solution of suitable 
water plus permanent anti-freeze (which con- 
tains corrosion inhibitors) will be a satisfac- 
tory coolant. 

The Need For Corrosion Inhibitors 

Any water, whether of drinking quality or not, 
will produce corrosion m the cooling system 
Also, scale deposits may form on the internal 
surfaces of the cooling system due to the 
mineral content of ttie water. Therefore, water 
used as a cooianl, must be properly treated 
with inhibitors to protect the jTietallic surfaces 
of the cooling system against corrosion and 
scale deposits. 

Figure 7-33 illustrates the harm done by 
mineral deposits, cast iron with mineral 
deposit withholds ils heat rather than readily 
transfernng it to the coolant. 
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HEAT TRANSFER CAPACITY 
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(7-33) 

Courtesy of Detroit Oiesei Division of 
General Motors Corporaiiorj 



changmg the coolant and adoing a new anti- 
freeze-water solution at certain hour or 
mileage intervals. 

As was mentioned earlier, coolant filters 
which are found on some machines have 
corrosive inhibiting chemicals in their filtering 
material, Addi*ional inhibitors are not needed 
and shouldnt bo added Cooling systems 
which have a filter and need permanent anti- 
freeze (which has corrosion inhibitors) will 
use a special type of filtering element. 



All inhibitors become depleted through nor- 
ma) operation, and additional inhibitors (or 
anti-lreeze) must be added to the coolant at 
prescribed intervals to maintain original 
strengths. Also, after a scheduled amoun* of 
hours or miles the coolant should be com- 
pletely drained and replenished. Always 
follow the manufacturer's recommendations 
on inhibitor and anti-freeze usage. 

Anti-freeze 

When freeze protection is required> a per- 
manent anti-freeze must be used An inhibitor 
system is included m this type ol anti-freeze> 
and no additional inhibitors are required if. on 
initiaf fiM a minimum anti-freeze concentration 
of 30% by vofume is used Solutions of less 
than 30% concentration do not provide suf* 
ficient corrosion protection, Conversely> con- 
centrations over 67% adversely affect freeze 
protection and heat transfer rates. 

There are two kinds of anti-freeze: ethylene 
glycol base anti-freeze and methoxy propanol 
base anti-freeze Ethylene glycol is most com- 
mon The methoxy propanol base anti-freeze 
is incompatible with the seals used in some 
cooling systems and should not be used 
unless recommended by the manufacturer. 

The inhibitors m permanent anti-freeze should 
be replenished at approximately 500 hours or 
20.000 mile intervals. Commercially available 
inhibitors may be used to restore inhibitor 
strengths in anit-freeze solutions. However, 
most manufacturer s will recommend 
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Summary of Cootant Recommendations 

1. Always use a property inhibited coolant 
and maintain the inhibitor strength. 

2. Do not use soluble oil as an inhibhcr. 

3. Always follow the manulacturer's recom- 
mendations on inhibitor and anti-freeze 
usage and handling. 

4. If freeze protection is required, always 
use a permanent anti-freeze, 

5. To keep up inhibitcr strength in anti- 
freeze add a recommended non- 
chromate inhibitor or drain the system 
and change the anti-freeze. 

6. Do not use a chi^onate inhibitor with per* 
manent anti-freeze. 

7. Do not use methoxy propanol base anti- 
Ireeze unless recommended by the 
manufacturer. 

8. Do not mix ethyler^e glycol base anti- 
freeze with methoxy propanol base anti- 
freeze in the cooling system. 

9. Do not use an anti-freeze containing 
sealer additives. 

10. Use extreme care when removing the 
radiator pressure control cap. 
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PREVENTfVE MAINTENANCE SERVICE ON 
COOUNG SYSTEMS 

The cooling system should be 'isualty in- 
spected during the daily walk around check, 
and dunng scheduled maintenance on the 
system. Minor problems should be im- 
mediately repaired, and major ones should be 
reported Inspection checks on ihe cooling 
system can be found in the service manual 
and should include the following. 

1 Check the coolant level and ^dd water if 
low, 

(a) System without reserve tanks, 
remove Ihe radiator cap and check 
the coolanl lev^l. Caution: If the 
system is hoi it contains pressure. 
Removing the radiator cap when the 
coolant is hot could cause injury. 
Wait until the coolant cools down, 
and then slowly remove the cap. 
Hissing after a slight turn of the cap 
will indicate the system is still under 
pressure and too hot tr» open, 

(b) Cooling system with reserve tanks: 
check the cootant level by checking 
the level of the see-through plastic 
reserve tank or by removing the cap, 

2. Inspect for leaks. Leaks can occur in the 
radiator, on the outside of the engine 
waterjacket, in hoses and at hose con- 
nections. Internal water teaks can also oc- 
cur, but they won't be dealt with here. 
Leakage is the most rommon problem in a 
cooling system and can increase during 
winter due to metal shrinkage. Air 
pressure leakage testers can be helpful in 
locating external leaks. Leaks are easiest 
found when the system is cold^ 

Minor leaks can be repaired with a sealing 
compound. However, only practical ex- 
perience enables a serviceman to tell if a 
leak can be corrected with a sealing 
solution. Follow instructions when using 
sealing solutions; some react chemically 
with anti'freeze and rust inhibitors and 
may seriously affect coolant performance. 

Radiator Leakage 

Mos^ radiator teakage is due to cracking of 
soldered joints caused by engine vibration, 
frame vibration, and cooling system pressure. 

Carefully examine radiator for leaks before 
and after cleaning. Some leakage points may 
have gone undetected because they were 



plugged with rust. White, rusty, or colored 
stains indicate previous ndiator leakage. If 
water cr an alcohot-based anti-freeze is used 
these spots may be dry because such 
coolants evaporate quickly. If the stains are 
damp Its because an ethylene glycol anti- 
freeze v/as used and it doesn't evaporate. 

Always sea) a radiator leak before installing 
anti-freeze coolant. Depending on size and 
number radiator leaks can be repaired with a 
sealing compound, by soldering, or they may 
have to be tended to by a radiator repair shop. 
Note that sealing compounds are not recom- 
mended by some manufacturers because: 

1, they aren't a permanent repair, 

2, they can ultimately cause plugging of the 
radiator. 

Other Radiator Checks 

1, Check radiator baffles (Figure 7-34), 
Missing or damaged baff^'^s can allow 
enough air recirculation to cause 
overheating. 



BAFFLES 




(7-34) 

Cownesy of CatefPtitaf Tfocior Co 
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2. Check for radiator plugging. The major 
cause ol reduced air How is the ac- 
cumulalion ol foreign material in the 
radiator core air passages {Figure 7-35). In 
land clearing, sanitary land fill and olher 
fobs where trash is presenl teaves. weeds 
and other debris are drawn into the 
radiator core* As the core becomes 
plugged, the effeclive cooling area is 
reduced and heal transfer rapidly 
de ere a s es* 

Courtesy of Caierpillaf Trocior Co. 







(7-35) DIRT CAKED 'N CORE fmS 
PLUGGED RADIATOR CORE 

Keep the radiator clears and free of dirt 
and Irash. A quick visual observation 
usually won t delect core plugging. A 
close inspection is necessary. Check the 
radiator core area outside the fan circle. 
The core is usually free of plugging within 
the '3n circle^ but a close lool< often 
reveals extensive plugging in the outer 
core areas. An air How meter can be used 
to measure the flow ol air through the 
radjalor and thus pjnpoinl plugged areas 

The radialor core can be cleaned with 
water or air pressure (Figure 7-36). 



(7-36) CLEANING THE RADIATOR CORE 

Courtesy of Cat€rpiirar Tractor Co 

Extarnil Waterjaoket Leakage 

Inspect the engine cylinder block while the 
engine is running both before and after it gets 
hot. Leakage of the engine block is 
aggravated by pressure in the cooling system 
and temperature changes of the metal. Small 
leaks may appear only as rust, corrosion, or 
stains due to evaporation. 

Other leakage Areas 

Watch lor leaks at these trouble spots 

1. Core-Hole or Frost Plugs: Remove the old 
plug then clean the plug seat and coat it 
with a seating compound. Drive a new 
plug into ptace with the proper tool 

2. Gaskets: Tighten the joint or install a new 
gasket. Use 3 sealing compound when 
required, 

3. Stud Bolts and Cap Screws Apply sealing 
compound to I h reads, 

4. Check for leaks in hose lengths and at 
hose clam ps. Also check lor hose 
delerioralion (Figure 7-37), 

Cooling systems are constantly expanding 
and contracting as the engine starts, runs 
and shuts down. Owing to such variations 
in lemperature. damps can loosen and 
the hose material can deteriorate. 
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(7-37) DAMAGED HOSES 

Cottftesy oi John Oeeie LI<J 



Hoses and clamps should be examined at 
least twice a year. Check the ootside of 
hoses for 

(a) hardening, cracking 

(b) softening, swelhng 

Cracked or swollen hoses should be 
replaced immediately. Also check the in- 
side of hoses for^ 

(a) corrosion of any reinforcing springs. 

(b) material failure. Hoses can 
deteriorate on the iiiSide and s:ill ap- 
pear all right on the outside (Figure 
7-38). 




. - , jr i7$j 

(7*38) INTERIOR OF DAMAGED HOSE 

Coiiftesy oi John Oeore Lt<J 



To be '^afe repiace hoses often enough so that 
they are always pliable and able to pass 
coolant without leakage. When replacing 
hoses: 

1, Use the best quality hose available, 

2, If universal flex hose is used, allow 
enough hose for movement, but not so 
nTpUch that buckling or wrinkling occurs, 

3, Straight ho$e must only be t-sed when 
connections are in-line, 

4 Vtuulded hoses must be of the correct 
shape and length, 

5. Clean the pipe connections and apply a 
thin layer of non-hardenmg sealing 
compound when installing hoses (Figure 
7-39), 




(7^39) SEAL THE CONNECTIONS 

Couriesy of John Oeere Ll<J 

Locate the hose clamps properly over the con- 
nections as shown in Figure 7-40 to provide a 
secure fastening. An improperly installed 
hose (1) will be blown off by the pressurized 
cooling system or (2) will allow air to be drawn 
into the inlet side of the pump* causing 
aeration of the coolant which is very harmful 
to the engine. 




(7-40) 

TIGHTEN HOSE CLAMPS SECURELY 
Counesy oi John Oeere Lid 
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CHANGtNG THE COOLING FttTER 

Cooling filters should be changed at the lime 
intervals stated in the service manuals, A 
typical maintenance procedure is given 
below. 

Cooling FiUer Service 

1 Check the condition of Ihe electro- 
chemical plates. 4 and 6 m Figure 7-41, af- 
ter every 500 hours of operation, if the 
plates are rusted, pitted or corroded, they 
should be cleaned with steel wool, and 
then rinsed in cleaning solvent and dried 
with filtered, compressed air. When the 
plates are badly deteriorated, install new 
ones. 




1 Cmt Utl 
} Cmtt 

f EltSfnt 

i tlUmt todf 
4 tJv^ 



1 Cover Bolt 

2 Cover 

3 Cover Gasket 

4 Upper Plate 

5 Element 



6 Lower Plate 

7 Spring 

8 Filler Body 

9 Plug 



*7-41) WATER FILTER COMPONENTS 

CotPfte«¥ of Gervefiii Moiois CorP^jranon 

2, The sump at the bottom of the housing (8) 
shoufd be drained and cleaned out every 
500 hours 

a Change the filter element (5) every 500 
hours (see Manual for Procedures), 

After the filter has been reassembled and in* 
stalled' check the following points: 

1. Make sure the inlet and outlet shut-off 
valves are open 

2. Check all hoses, fittings and connections 
for leakS' 

3. Check the coolant level in the radiator 
and replenish as neccesary to com* 
pensate for tosses during cooler ser- 
vicing. 



These points are extremely imporlant, for 
example, you can imagine what would happen 
if the valves were not opened. 

Sometimes the filter may be serviced when 
the complete cooling system is drained and 
flushed. When installing new coolant remem- 
ber the following: never add rust inhibitor to a 
cooling system that has a water filter The 
filter contains a corrosion inhibitor 

Testing Anti*freeze 

The strength of anti-freeze solution must be 
sufficient to prevent freezing at the lowest 
temperature expected A number of testers 
are made to check the strength of anti-freeze 
but a hydrometer is the most common one 
{Figure 7-42), The hydrometer works on the 
principle of a float in a sight glass rising to a 
level that indicates the strength of the anti- 
freeze, 

RUBBER — 
BALL 



FLOAT 




REPEftENCE 
SCALE 



(7-42) 

Coun^sy of 
eotO MoiOT Company 

To use the hydrometer, insert the hydrometer ^ 
rubber hose into the coolan* at the top of the 
radiator. Squeeze the rubber ball of the 
hydrometer to draw up the coolant into the 
sight glass. The float will rise to a certain 
level. Compare this level to a reference scale 
to determine the strength of the anil-freeze 
solution. 
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BELTS 

Bells have to be checked for their condition, 
alignment and tensjon 

BeJt Condition 

Belts are not meant to nde on the ' Mom of 
the groove When they do. they heat check 
and crack (Figure 7-43) or grow hard and 
polished A heat damaged belt indicates that 
either U s badfy worn, forcing it to ride too low 
in the sheave, or that the sheave is dished out 
(Figure 7-44). 



CHIPPED 



HEAT CHECKED 



<7'43J B£lT RUIN£D BY TOO MUCH h£AT 
Cou/tesy JiJhn Decrc Ud 

in addition to heat, grease and on can also 
ruin drive belts If oil or grease is allowed to 
soak into a belt, it can soften, swell and 
generally deteriorate very rapidly. Note that 
oit resistant belts are available for certain 
engine locations that are unavoidably greasy 
or oily. When oil or grease is found on a belt, 
wipe it off with a clean cloth dampened with a 
detergent solution. Then dry the belt with a 
clean dry cloth. 

CAUTION: Never try to clean a belt while it 
IS operating. 

While inspecting ihe belts, the condition of 
the pulleys or sheaves should be checked 
Examine pulleys for chips, cracks, bent 
sidewalls, rust, corrosion or other damage 
(Figure 7-44), Damaged sheaves cause rapio 
belt wear and should be repaired or replaced 
immediately 






(7-44) DAMAGED SH£AV£S 
Counesy o( John Deere Ltd 
Other pofnls on belt condition: 

— A tear on the outside cover could be 
caused by something interfering wilh 
Ihe belt. Ticking sounds when ihe belt 
is running may indicate inlerference, 

— A belt that has operated while rolled 
over in the sheave groove is probably 
damaged. Replace it, 

— Store belts in a cool, dry place. If 
stored on a machine, relieve tension on 
the belts, 

BeJt AJtgnment 

Misalignment soon causes a good bell to fail. 
Misalignment usually occurs when the moun- 
ting for the component that the belt is driving 
comes loose or has been improperly installed 
Belt alignment can be checked by lining up a 
cord or straight edge on the jide of the two 
pulleys, as shown m Fi9ure 7-45 Make at 
least two checks 180 apart 



CORD OR STRAIGHTEDGE 




CORRECT ALIGNMENT 
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f7-45) PULLEY AUGNm£NT 

Coifriesv o' Genof.ti Motors COfDoroiion 
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Belt Tension and Adjustment 

To carry their full load, drive belts must grip 
the entire area of contact with the pulley Im- 
properly adjusted belts can damage the 
pulleys Loose belts undergo unnecessary 
wear: they can slip. tear, burn or grab and 
snap. Belts that are too tight can also cause 
problems They can damage the engine by 
over-loadmg the crankshaft, crankshaft 
bearmgs. and accessories or accessory 
bearings. Also, excessive tension on a belt 
will stretch and weaken it. 

To get maximum hfe and performance from a 
belt It must be run at the correct tension. Belt 
tension can be checked by: 

L A belt tension gauge. Markings on the 
gauge will indicate correct or incorrect 
tension (Figure 7^46), 




(7-46) Courtesy oJ General Motors Corporation 
2. Deflecting the belt (Figure 7-47): 



(7-471 




COi^rlesv o' Cu^nminS Engine Coirip.iny 



The Chan in Figure 7-48 shows the 
amount of deflection different size belts 
should have If a belt deflects 1/8 of an 
inch too much or too little, readfust it. 

17-48) 



Table 2: Fan Belt Tension 



Belt Width 
Inch (mm) 



Deflection Per ft. 
of Span Inch {mm) 



1/2 

11/16 

3/4 

7/8 

1 



(12J00) 

(17.4625) 

(19,0500) 

(22.2250) 

(25,4000) 



13/32 

13/32 

7/16 

1/2 

9/16 



(10,3187) 
(10.3187) 
(11,1125) 
(12.7000) 
(1^.2875) 



COurieSV oi CuinminS Engine Co 

The gauge is the most accurate method to 
check belt tensicn but the deflection 
method is very reliable too. 

Figures 7-49, 7-50 ar^d 7-51 show three 
types of belt adfusting methods using 
either slotted or elongated holes. Ad- 
justing a belt requires moving one of the 
pulleys away from the other if the belt is 
ivo loose, or vice versa, closer to the other 
if the belt is too tight. 



BELT 




(7-^9) ACXJUSTING BOLT IS IN 
A SLOTTED BRACKET 
(Gasoline Engine) 

Courtesy of John Oeere Ltd 



36 



ENGINES 



7:27 



Some belt-pulley systems use a third 
pulley called an idler which Is moved to 
adjust the belt tension (Figure 7-52). 



WROHG! 
NEVER FORCE 
BELT OH SHEAVE 



lOLER PULLEY 
ON 

SLACK Side 

OF 
DRIVE 
fPR EFERREO* 



(7-52 > 




IDLER 
LOCATED 
NEAR 
DRIVE 
SHEAVE 



DRIVE 



DRIVEN 

Courtesy oi John Deere L(d 
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ON 
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f7-52) 






IDLER 
LOCATED 
DRIVEN NEAR 
— ^ DRIVEN 
SHEAVE 



DRIVEW 



An idler pulley can be used on both a con- 
tinuous and an intermittent drive fan For 
continuous drive the »dler is adjusted in a 
set position For intermittetil drive the idler 
IS moved in to apply tension and start the 
fan. and out to slacken the tension and 
stop it The idler on the intermittent fan is 
operated by a temperature controlled air 
cylinder. 



Good Practices When Installing and 
Adjusting Belts 

r When replacing dual or triple running 
drive belts, replace the complete set of 
belts at the same time. Uneven operalion 
would result from running a new belt with 
worn Ones. Install them in the sets sup- 
plied by the manufacturer Never combine 
belts from different sets. 

2- Never pry a V-belt or force it into the 
sheave groove. You can damage both the 
belt and the drive component. Loosen the 
tightener before installing the belt. (Figure 
A53). 



(7-53) 

NEVER FORCE A V-BELT ONTO A SHEAVE 
Courtesy oi John Deere Lid 



3. Never attempt to check or adjust belts 
white they are running. 

4. V-belts stretch most during thefr first 24 
hours of operation. Check the tension of a 
new belt after it has run for a few shifts. 

5. Never attempt to correct belt slippage by 
using a belt dressing, if belts slip even 
when properly tensioned. check for 
Overload, worn sheave grooves, orl or 
grease on belts, or seized bearings. 

6. Note that more fan belts fait from being 
too loose than from being too tight. 
However, don't overtighten belts: you'll 
damage the drive component*s bearings. 
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QUESTIONS COOLING SYSTEM 

1 What are the tvvo basic purposes of the 
cooling system? 

2, True or False? In a liquid cooled system 
the coolant flows into the bottom of the 
radiator and out through the top. 

3 What IS the purpose of having the water 
jackets hold only a small amount of 
coolant? 

4 The radiator is a 

for the coohng system. 

5 Radiators work on the principle of 
(a> Currents 

(b) convention 

(c) convection 

(d) circulation 

6 What IS the function of the water pump? 

7 Engine temperature is automatically con- 
trolled by the u'ie of a 



8 True or False? Themiostats that operate 
al 180'F or more improve engine 
operation and reduce both crankcase 
sludging and corrosive wear of engine 
parts. 

9, On what type of machines are blower 
fans used rather than suction fans? What 
is the reason? 

10. Shrouding is used around a fan to: 

(a) simply protect the fan blades. 

(b) to increase fan efficiency 

(c) quieten fan operation 

(d) make tt look neater 

11^ True or Fa^se? All belts fit the same just 
the lengths are different. 

12. Radiator shutters are: 

(a) closed by spring pressure and 
opened by air 

(b) closed by spring pressure and 
opened by spring pressure 

(c) closed by air pressure and opened 
by air pressure 

(d) closed by air pressure and opened 
by spring pressure 

13. What is the purpose of the water fiher? 



14, True or False? Any water whether of 
drinking quality or not. will produce a 
corrosive environment in the cooling 
system. Thus the need for 



15 On an engine equipped with a coolant 
filter and using anti-freeze* what 
precaution must be taken when 
changing the filter? 

16. What is the most common problem with a 
cooling system? 

17. Leaks are easiest found when the system 
is 

18. Give two reasons why some manufac- 
turers do not recommend sealing com- 
pounds to fix radiator leakage. 

19. What Is the major cause of air flow 
restriction in a radiator and how can it be 
improved? 

20. What IS the obvious sign of a hoselhat is 
deteriorated? 

21. List the three ihings belts should be 
checked for during a P.M. of the cooling 
system. 

22 List the three important checks that 
should be made after installing a new 
water filler element. 

23 The strength of the ami-freeze solution is 
checked with a: 

(a) water meter 

(b) ammeter 

(c) hydrometer 

(d) any of the above 

24. True or False? A V-belt is designed to 
ride on ihe sides and bottom of the 
pulley. 

25. A good maintenance practice for V-belts 
on a vehicle thai is to be stored lor a 
period of time is to: 

(a^ adjust it for the correct tension 

(b) relieve all belt tension 

(c) remove the belt entirely 

(d) cover the belt 1o protect it 
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26. Wtien replacing dual or triple drive belts 
the recommended practice is to: 

(a) replace all as a set 

(b) replace only the worn one(s) 

(c) remove the worn one(s} and run the 
other{s) until they need replacing 

27 Referring to the fan belt tension chart, 
find out how much a 3/4 inch belt with a 
span of V/2 feet should deflect. 



\ 
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LUBRiCATiON SYSTEM 

The lubrication system is another one of the 
live support systems common to all engines 

The lubrication system does the following 
jGt ^ for the engine (Figure 7-54). 

1 Reduces fnctir" between moving parts. 

2. Absorbs and dissipates heat. 

3 Seals the piston rings and cylinder walls. 

4 Cleans and flushes moving parts 

5. Helps deaden the noise of the engine. 



The basic lubrication system used on today's 
engines is called a full pressure system. Full 
pressure means that oil is delivered under 
pressure created by the oil pump to all the 
vital lubrication areas of the engine Figure 7- 
55 shows a full pressure system and some of 
the areas that it must serve. 



1 OIL Film 

REDUCES 
FRICTION 
AND WEAR 



DEADENS NOISE 




2 OIL COOLS 
MOVING PARTS 



3 OIL HELPS THE 
RINGS TO SEAL 



(7-54) 

WHAT AN ENGINE 
OIL MUST DO 



Coiiftesy o1 John Deere nd 



4 OIL CLEANSES THE PARTS 
TAPPTt ^PISTON 
CAMSHAFT LEvER SHAFT PIN BEARING^ 
BEARINGS 




(7-55) 



MAIN 
CIL 
GALLERY 



CoiiMOsy oi John Oeere LicJ 



CRANKSHAFT 
MAIN BEARINGS 



OIL PUMP 
AND FILTERS 
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LU8RJCATI0N SYSTEM COMPONENTS 

1. Oil pump and relief valve. 

2 Oil Sump — usuaHy referred to as Engine 
Oil Pan^ 

3. Filter(s) 

4. Oil Cooler 

5. Pressure Differential Valves for coolers 
and fillers. 

6. Breathers and vents 
Oit Pump 

The oil pump is a positive displacement gear 
pump which can be mounted internally in the 
sump or externally on the engine block. Oil 
pumps are driven either tiy the crankshaft or 
the camshaft or by the timing gear train. The 
pump must distribute oil under pressure 
throughout the lubrication system Oil 
pressure varies in different engines usually 
from 20 P.SJ. 10 65 PSA., although some will 
go even higher To project the pump from 
pressures higher than it is designed for. a 
maximum pressure relief valve is located in or 
near the pump. A further protection to the 
pump is a pick-up screen on the intake line 
that prevents large pieces of contaminant 
from getting into the pump. 

Oil Fillers 

Oil contamination reduces engine life more 
than any other factor. To help combat it oil 
filters are built into all modern engine 
lubrication systems. The two basic types of oii 
filters are surface filters and deplh filters 
(Figure 7-56). In surface filters oil flows 
straight through the filtering material, 
whereas in depth filters the oil takes an 
irregular path. 




SURFACE FILTER DEPTH FILTER 

Courtesy ol John Deere LtcJ 



Surface Fitters have a single surface that cat- 
ches and removes dirt particles larger than 
the holes in the filter. Dirt is strained or 
sheared from the oil and stopped outside the 
filter as oil passes through the holes m a 
straight path. Many of the large particles will 
fall :o the bottom of the reservoir or filter con- 
tamer, but eventually enough particles will 
wedge in the holes of the filter Iv, , revent fur- 
Iher filtration. At this point the filter must be 
cleaned or replaced. The pleated paper filter 
in Figure 7-57 is a surface filter. 




{7-57) PLEATED PAPER FILTER 

Courtesy o* Jotin Dee LtcJ 
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Depth Fillers in contrast to surface fillers, use 
a large volume of filter matertal to make the 
oil move in many different directions before it 
finally gets into the lubrication system The 
filter made of cotton v^aste m Figure 7-58 is an 
example of a deplh filter 




(7-58) 

DEPTH FILTER - COTtON WASTE TYPE 

Courtesy ot j->hn Oeere Ltd 

RLTERING SYSTEMS 

There are two basic types of hltration 
systems" bypass and full-fiow Some larger 
diesei engines use a combination of the tv^o 
systems 

Bypass Filtration System 

In the bypass filtration system there are tv^o 
separate oil llov^a one to Ihe bearings and 
one to the filter (Figure 7-59) 

In this system, five to ten percent of the oi\ 
delive''ed by the pump is routed or bypassed 
to the filter instead of to the bearrgs> After 
filtering, the oil is returned to the cr^nkcase. 
This s/stem is sometimes called a partial ;*ov^ 
because only part of the supply oil is filtered 
at one time. 

The volume of oil bypassed through the lilter 
IS initially controlled by a restriction in the 
filler outlet However, as the Jlov^ passages 
become cJogged* the volume of oit through 
the filter is reduced and thus so is the volume 
ol filtered oil returning to the crankcase. Ob- 
viously then, the Filter and the oil must ne 
changed regularly to provide properly filtered 
oil to the system 
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BYPASS OtL FILTER 

(7-59) Courtesy ol John Oeere Lid 

A mam advantage of the bypass filtration 
system Is that because of the direcl feed from 
the pump to the bearings there is a constant 
Oil pressure at the bearings, regardless of the 
condition of the filter. 

FuM-Flow Filtration System 

In the fuil-flow filtration system there is only 
one oil flov^ that travels from the pump to the 
filter and then to the bearings (Figure 7-60)> 
As in the bypass system* a pressure gauge 
and pressure regulating valve are used 

FILTER- 




UrfFlL IE RED 
OIL 



FULL-FLOW OIL FILTER 



(7-60) 



Cou^iosy o< John Ooere Lid 
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Filter Bypass Valves (Pressure Differentia) 
Valves) 

Note the filter relief or bypass valve in the 
above diagram Every filter in a full-flow 
lubrication system must have a bypass valve 
When the filter is new> there »s very little 
pressure drop thfough it. However *f the filter 
gets clogged, the resulting additional 
pressure will open the relief valve and allow 
unfillered oil to bypass the filter and go direct- 
ly to the bearings. What would happen if a 
bypass valve was not provided? When the 
filter became completely clogged, pressure 
would build up on its inlet side. This pressure 
would cause 'he regulating valve to open 
completely, allowing all of the oil to return 
directly to the crankcase. The result; a burn- 
ed-up engine 

The bypass valve. then> *s a safety device to 
ensure that the oiL filtered or dirty> wll get to 
the bearings. The valve *s usually set to open 
before the filter becomes completely clogged. 
Figure 7-61 shows the filter bypass valve m 
two locations, inside the filter and in the filter 
mounting pad. 




BY-PASS VALVE IMMDE BY.PASS VALVE IN 

FiLTEt? HOUSIMG COUNTING PAD OF FILTER 



Courtesy ot John Deere Ltd 



Many spin^on filter elements have the bypass 
built into the element. When replacing a filter, 
be sure to use only the recommended filter 
because another type may not have the built- 
in bypass valve. 

Bypnss valves are often used with oil coolers 
for the same reason that they are used with 
filters. If the oil cooler becomes clogged^ oil 
flows through the valve and back into the 
lubrication system 

Combination Fult*Flow and Bypass System 

A combination of full-flow and bypass 
lubncation systems is found in many large 
diesel engines* The full-flow filter does the 
pnmary filtenng and the bypass filter the 
secondary filtering. As full-flow filtered oil is 
distributed to all the vital lubrication areas, a 
small amount flows through the bypass filter 
from where it drains back to the sump. An 
exampie of a full-flow bypass system is shown 
in Figure 7-62. Note the filter bypass valve^ or 
as Its sometimes called* the pressure dif- 
ferential valve. 
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(7-62) 

TYPICAL LUBRICATING SVSTeM 
Co^nesy of Ministry of EduCaiion 



Oil Coolers 



Many lubncation systems use an oil cooler to 
cool hot oil, and thus help dissipate heal 
created by the engine. Most coolers use 
engine coofant to coof the orl The oil cooler 
may be mounted internally in the crankcase or 
externally on the outside of the engine block. 
Most engines use an externally mounted oil 
cooler like the one in Figure 7-63. 

When the cooler is mounted externally both 
coolant and lubricating oil are pumped 
through It (Figure 7-64), 
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(7-64) OPeRATlON OF eNGiNe 
OIL cooteR 

Couriesv of John Deere Ltd 






COOLANT 
IN 



(7*63) Oil COOLeR MOUNTeO 

ouTSioe eNGiNe 

Courtesy oJ John Deere 
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Coolant flows through the tubes m the cooter 
and oil circulates around the tubes. Heai from 
the oil ts transferred to the coolant which then 
travels to the radiator and is ttsell cooled 

Another common type of cooler works op- 
posite to the one abo\/e. Instead of coolant 
flowing through tubes, oil :s pumped through 
a small radiaior-like core and coolant is cir- 
culated around it. 

A bypass valve is used with some oi\ coolers 
to assure oil circulation if the cooler should 
become clogged. Note the location of the oil 
cooler bypass valve m the diagram of the 
combined full-flow bypass lubrication system. 
Trace the oil flow that would occur on a cold 
start when thick oil could cause both the filter 
and the cooler bypass valves to open (Figure 
7-62) 




Breathers and Vents 

In every internal combustion engine some un- 
burned gases pass by the piston rings. If these 
gases, called blow-by. are not vented they will 
tend to build-up pressure in the oil pan. both 
contaminating the oil and forcing the front 
and rear pan seals to leak. Breathers and 
vents remove the blow-by gases and the 
pressure. 

Two basic methods are used to allow the 
engine to breathe: 

1. op3n crankcase ventilation using a road 
draft lube or cover vents. 

2. positive Crankcase ventilation. 

Open Crankcase ventilation removes blow-by 
gas through the road draft tube attached to 
the side of the engine (Figure 7-65). 

Movement of the vehicle forward at speeds of 
20 mph or faster creates a low pressure at the 
bottom end of the tube. Fresh air is taken in 
through the fresh air breather at the top of the 
engine, combines with the gases in the crank- 
case. and then exits through the road tube. 
The mixture of gas and air flows out the lube 
because the pressure of this mixture is higher 
than the pressure at the road end of the tube 
(gases at higher pressure always move in the 
direction of lower pressure). Most diesel 
engines use the open ventilation system, 
having either a tube going from the top of the 
engine down the side or vents on the valve 
covers. 



(7-65) 

Courtesv o' Geoeml Motors CofPorarion 

Open venti/ation is not used on gasoline 
engines today because gasoline blow-by con- 
tains harmful hydrocarbon fumes that con- 
tribute greatly to air pollution, instead, 
positive Crankcase ventilation is used. 



FRESH AW CNTRT 
THRU BREATHER 




(7-66) 

Couriosy of General Motors Corporation 

In this system a hose passes from the crank* 
case, through a ventilation valve to the intake 
manifold. Fresh air enters the breather cap on 
the valve cover, mixes with the blow-by gases, 
and IS drawn up by manifold vacuum through 
the ventilation valve and into the intake 
manifold. Thus the blow-by gases finally end 
up in the combustron chamber again. The ven- 
tilation valve, usually called a PCV valve, is a 
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spnng loaded metenng valve which regulates 
the amount of flow (rom the crankcase to the 
intake manifold 

Besides contributing to cleaner air m the en- 
vironment another advantage of the positive 
ventilation system is that th ? gases are 
removed even when the engine is idling. The 
open system requires vehicle movement (20 
mph) to create the low pressure and the draft 
necessary to remove the gases 

MOTOR OILS 

Motor oits — are often taken lor granted. It 
isn t generaity appreciated that they must 
lubricate despite high oxidizing conditions, 
extreme temperatures, and large amounts of 
contaminants High-output engines coupled 
with reduced crankcase capacities and ex- 
tended dram intervals have all compounded 
the severe conditions under which the oil 
must perform 

MOTOR OIL FUNCTIONS 
(Courtesy of Imperial Oil Limited) 

1 Wear Prevention 

Wear takes place due to metal-to-metal 
contact of movrng parts, as well as from 
acidic corrosion, from rusting and from 
the abrasive action of contaminants 
carried m the oil. To prevent metal-to- 
metat contact, motor oil muse maintain 
sufficient viscosity to provide a full fluid 
fitm between moving parts under alt 
operating temperatures. The viscosity 
must not be so thick, however, xs to make 
starting the engine difficult 

2 Engine Cooling 

(VIotor Oit IS largely responsible for piston 
cooling. The cooHng is done by 
transferring heat directly from the piston 
through the oil film to the cylinder walls 
and then out to the cooting system, and by 
carrying heat from the underside of the 
piston, crown and skirt to the crankcase. 
Cits must therefore have good heat con- 
ductivity, but at the same time (he oil must 
have adequate thermal stability to resist 
decomposition when in contact with these 
hot surfaces. 

3 Engine Cleaning 

Over a period of time oit starts to 
detenorate and oxidize The oxidation 
causes the formation ol harmfut con- 
taminants acids, varnish, carbon, sludge. 



Motor oil must minimize the formation of 
these contaminants m the first place, but 
when they inevitably do form, the oil must 
keep the contaminants in suspension so 
that they don^t settle inside the engine. 

Oil must also act as a cleansing agent, 
carrying to the oil filter abrasive con- 
taminants that form in the engine, 

4. Cylinder Sealant 

Cylinder pressures of 145 p.s.L at crt^tiKing 
speeds are not unusual, while combustion 
pressures may reach 900 p.s.i. Piston rings 
alone cannot seal off this pressure; they 
need the help of the oil film between the 
rings and the cylinder wall. 

5 Control Engine Octane Requirement 

Motor Oil must minimize the formation of 
oil deposits in the combustion chamber. 
These deposits decrease the volume of 
the chamber thereby increasing the com- 
pression ratio and thus the octane 
requirement of the gasoline. The deposits 
are also a source of hot spots that can 
glow and cause pre-ignition. 

6. Control Rust 

Engine components such as vatve stems, 
hydraulic valve lifters, piston rings and 
cylinder walls are subjected to severe 
rusting conditions Extended periods of 
engine idling or short trip stop and go 
driving allow water to accumulate m the 
oil Al^o. condensation of water on engine 
parts can occur overnight when the 
engine isn't running. An essential function 
of the motor oil is to provide a protective 
film on engine parts to prevent rusting 
when Its not being used. 

7. Control Corrosion 

Products of combustion in:!ude corrosive 
materials, such as acids, which ac- 
cumulate m the engine crankcase. Unless 
tne engine oil can control the te idency of 
these products to corrode bearings and 
other finely finished surfaces, corrosive 
wear will reduce engine hfe. 

MOTOR OIL COMPOSITION 

Motor oils are manufactured from base stocks 
and fortified with additives to provide the Per- 
formance level required. 
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Motor Oil Additives 

1 . Anti-Oxidant — prevents oil oxidation, 
sludge and actd formation. 

2 Corrosion Inhibitors — prevent bearing 
corrosion. 

3 Detergenty Dispersal — cleans engine 
parts and disperses sludge and other solid 
contaminants. These detergents act 
sim;lanly to soaps to remove deposits and 
then to retain the deposits as finely 
dispersed particles in the oil. Detergents 
may become depleted and after prolonged 
continued service they may not be able to 
keep the contaminants in suspension. 

4. Rust Inhibitors — prevent rusting of 
engine parts, particularly hydraulic valve 
lifters, 

5. Pour Point Depressant — provides free- 
flowing qualities at low temperatures. 

6- Viscosity Index Improver — viscosity in- 
dex can be defined as a measurement of 
the change in the viscosity as the tem- 
perature changes. The improver additive 
reduces the rate at which the oil thins out 
with increasing temperature, 

1. Anti-wear Agent — prevents galling and 
scoring of heavily loaded engine parts, 
particularly the valve train. A widely used 
material is a zinc-sulphur-phosphorous 
additive often referred to as "2DDP\ 

8, Reserve Alkalinity ~ new engine oils are 
basic in composition to neutralize acids 
formed by the combustion processes 

9. Foam Suppressor — does not prevent 
foam from forming* but renders the foam 
unstable so that it settles quickly. 

Whi*e there may seem to be a great many ad- 
ditives used in motor oils, the concentrations 
are often very low. Anti-oxidants and 
corrosion inhibitors* for example, are used at 
concentrations as low as 0,1%, Higfi additive 
oils may have as much as 12% detergent 
present. The quantity of additive* it should be 
pointed out* is not necessarily an indication ol 
the quality or the strength of an oil. 



CLASSIFYING MOTOR OILS 
S.A.E. Classification 

The most important single property of a 
lubricating oil is viscosity. Viscosity, as stated 
earlier, is a measurement of the resistance of 
a liquid to flow. The viscosity of an oil ts 
determined at specific temperatures* O F and 
lOOT and 210T are the most widely used. 
The viscosities of different oils can be com- 
pared only at the same temperature. The 
Society of Automotive Engineers (S A.E ) iden- 
tify oils by their viscosity ranges Motor oils 
can have S.A.E, numbers of: 

5 

10 W ► —The higher the number the 
20 W greater the viscosity (the 
30 W thicker) the oil. 
40 W 
50 

Engine Service Classification 

As well as an S.A.E. classification, motor oils 
are also classified according to the service 
conditions under which they will be used. In 
1970 a new crankcase oil performance 
classification called Engine Service 
Classification'' was established to replace the 
API Service Classification formerly used. It 
specifically lists the tests and performance 
requirements for each of the classifications* 
and in addition, is open-ended to allow for the 
addition of new performance levels as they 
are developed. 

The Engine Service Classification is divided 
into two categories. The "S " category refers 
mainly to gasoline engine low temperature 
requirements while the "C" category refers 
mainly to diesel engine high temperature 
requirements {Figure 7-67). Many applications 
will call for a dual rated oil such as SD/CD 
which requires both extremely low and high 
temperature performance levels. 
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LETTER 
DESIGNATION 


SERVICE DESCRIPTION 


SA 


Non-additive oils. Not fecom- 
mended for crank case ser- 
vice 


SB 


tighl Duty Gasoline Non- 
detergent Not normally 
recomniended for crankcase 
service. 


sc 


1967 and earlier gasoline 
engine service m passenger 
cars and Irucks 


so 


19?1 and earlier gasoline 
engrne service in passenger 
cars and irucks 


SE 


Current and earlier gasoline 
engine service in passenger 
cars and trucks 


CA 


MIL*t«2i04A trght duty diesel 
engine service 


ce 


Supptemeni 1 

Moderaie duly diesel engine 
service 


cc 


MIL-L-2i04e Moderaie duly 
diesel and gasoline engine 
service 


CD 


Caterpillar Series 3 Severe 
duty diesel engine service. 



Refer to Block 4, Power Trains, for information 
on handling and storing oiL 

(7-67) 

Courtesy of The Society ol Auiomoiive Engineers tSAE) 



PREVENTIVE MAINTENANCE SERVICE ON 
J-UBRICATION SYSTEMS 

As part of {he darly walk around check before 
start uo t'le lube system should be inspected 
for leaks, damage or deierioraiion. When 
mmor leaks are spotted, tighten fittings or 
bolts: if this doesn't stop the leak reporl the 
condition to a supervisor Oil leaks should be 
attended to immediately. To be able to see 
leaks better, keep a machine clean by regular 
steam cleaning or high pressure washing. 

Oil level checks are a vital part of routine 
maintenance on a vehicle Correct oil levels 



ould be maintained at all times. Follow 
these practices when checking oil levels and 
when topping up the oil. 

1. Park the vehicle on level ground. 

2 Practise cleanliness. Use a clean rag to 
wipe the area around the dipstick and to 
wipe oil off the stick. 

3. Check the oil level before starting the 
engine. An engine should be stopped for 
at least five minutes before the oil level 
IS checked. Some manufacturers call for 
a running as welt as a stopped check. 
The dipstick on these machines will be 
marked on both sides, on "Engine Stop- 
ped" and the other "Engine Running", 

Figure 7-68 gives an example of a 
manufacturer's directions for an oil tevel 
check on a crawler dozer. Note that the 
check must be done when the engine is 
running. 

EVERY 10 SERVICE HOURS 

oieSel engine CRANKCASE 



'111 Wmm^^ 

Check oil level with engine at low idle and oif 
hot Maintain oil level between WLl and 
ADO marks on ENGINE RUNNING side of 
gauge (7-68) 

Courtesy of Caterpillar Tracior Co 

4. Check for evidence of water or fine metal 
particles in the oil. When such con- 
taminants ftre found, further checking 
^ill be necassary lo determine where 
they are coming from, 

5. Keep records of quantities of oil added 
[between changes: a sharp mcrease of 
top-up oil usually indicates a rapidly 
developing problem. 

6. Contaminated oil can seriously reduce 
engine life. When top-up oil is required 
be certain that the oil container has no 
water or dirt in it. Human error in not 
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keeping oa ciean is one of xhe mobt com- 
mon way. ihat contaminants enter an 
engine 

7 Use only oil recommended in the service 
manual 

8 Do not mix engine oils 

9 Do not overfill the crankcase 

10 Never operate an engme if the oil quan- 
tity IS below the low-ievel mark 



It musi be stressed that a good oil sample, 
one that is not cross-contaminated with 
another oil system, is essential for an ac- 
curate laboratory analysis 



CHANGING ENGINE OIL 

Over a period of time oil gets dirty and v^^ears 
out making it unfit for use. On the other hand, 
lust because crankcase oil is black, doesn't 
necessarily mean the oil has to be changed 
Since It s difficult to tell by ]ust looking at oil 
when It should be changed, the best policy is 
to follow the manufac turer s recom- 
mendations on oil and filter changes. 

In addition to scheduled oil changes many 
companies are now carrying oul oil analysis 
programs The term oil analysis reters to a 
laboratory analysis of used oil which deter- 
mines the types and amounts of wear metals 
present m the oif By charting on a regular 
oasis the amount of certain metals in oif. the 
conditron of the parts that the oti lubricates 
can be watched When a concentration higher 
than has been the pattern of a certain metal 
begins to appear, tl indicates that the part 
from which the metal has worn off is starting 
to wear more rapidly. The taboratory can warn 
the customer to take protective action prior to 
the unit failing Laboratories have con- 
siderable experience in detecting wear pat- 
terns from used oil and can fairly accurately 
state the condition M internal components 
providing that sampling is done on a regular 
basis 

In an oil analysis program, oil samples must 
be taken from each lubncatton system on the 
machine, eg engine oiL hydraulic oil. final 
drive oil. brake and transmission fiuid For oil 
analysis to be successful samples must be 
taken on a regular basis: between 125 and 250 
hours for engine oil and 250 to 500 hours for 
aM other iubnoation systems Oil samples 
must be taken when the oil is warm and 
thoroughly mixed There are various methods 
of taking the samples a valve or petcock put 
straight into a mam ot\ line, a suctton gun with 
a sample far to take oil from dipstick and oil- 
fill holes, a Ihick rubber bulb including a one- 
way check valve a vac cap and a sample jar. 
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SEk , 3 WEAR/ COKIAMINAT ION (SAMFIE) 
ItYZ TRUCKIMC CO. 



UM«T 1550 

MfH DETROI T pjiJ gj ^EL 
WOOEL 8V-71^ 



acct no , 



TVPF PIESEL 



3 



UNIT CONDITJON A»«0 RECCr^MENDATIONS 



Oil TEXACO fi.^ URSA, 



— \ 

fi«tDo metti^r Rinft/cylindet vetale; Inspect cylinder areanr R«««iiiple n ^^^HAL ioCervMl. 

[— Pi^Con set«l0* RltiS/ cylinder uCaU, Inspect cylinder steafir Re^asple ac IlORKAL interval. FEEDBACK. Several brolten ring* 
^' and scored linera. W^fac piav 

. — ^-wf^tiitaiv^ly wii-ft 



TESTS IN1>ICATE UHIT IS tH SATISFACTORY COHDITIOK. Re^asple NORMAL interval. 
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Couriesy of Lubncon Consultants Inc 
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PROCEDURES FOR CHANGING OIL AND 
OIL FILTERS 

Procedures for changing oil and fillers are 
much the ?dme for 3|| engines However, the 
numbor of filters, the dram location and the 
capac.iy of the system will vary from engme (o 
enjine Some good practices to follow are^ 

1. Move the vehicle to a level area 

2. Run the engine long enough (15 minutes) 
to warm the ojI. and then stop the engine. 
When the oil is warm contaminants will 
mix with the oil and will dram out wMh it. 

3 Make sure you know the capacity of the 
system and have a container large 
enough to hold all the drained oil. 

4 If an oil sample is to be taken, do so at 
this point (Within 15 minutes of shut- 
down.) 

5 Remove the plug carefully. Caution: Hot 
oil can burn^ 

6. Dram the filter(s) if they are equipped 
with a dram* and then remove the filter 
element. Take a few seconds to inspect 
the old filter element (Figure 7-70). 
especially if oil sampling is not done. 
Evidence of metal ships will indicate that 
there are problems within the engine 
requirmg immediate attention. 




(7-70) INSPECTING PAPER ELEMENT PLEATS 
COyrt^jSy of CummmS Engine Co 



7. Wash the filter housing(s) and install a 
new filter element. Replacing some oil 
filters requires installing new gaskets or 
sealing rmgs. Be sure the sealing sur- 
faces on the engine and filter are clean. 

8. Replace all dram plugs. 

9 Referring to the service manual for the 
correct type and amount of oil. fill the 
crankcase with oil. 

10. Remove crankcase breathers and 
thoroughly wash them with solvent or 
kerosene. Below are typical directions 
froVn a service manual on how to clean a 
breather: 

Clean breather element (Figure 7-71) 
in cleaning solvent and dry with com- 
pressed air. Wipe out breather 
housing. Soak element in oil: drain out 
excess. Check gasket: replace if 
damaged. 




(7-71) CRANKCASE BREATHER — MESH ELEMENT 
Couriesv of Cumnmns Engine Co 



11, Start the engine, run for ten minutes and 
check for leaks. 

12, Check oil level with engine stopped and 
top-up as required, 

13, Keep a record of all oil and fjller changes 
to be sure of regular engine service 

14, New or rebuilt engines require oil and 
filter changes after a specified b-'eak-in 
period. Performing this service on time is 
very important since foreign materials 
accumulate in the oil at a faster rate 
durmg initial operation than later when 
the engine is broken in. 
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Flushing The Lubrication System 

A lubrication system is generally flushed 
when u becomes contaminated with coolant, 
fuel, or melaf chips What flushing amounts to 
IS changing the oil twice To flush the engine 
follow the same procedure as changing the 
oil dram, change filters, refill Refill with the 
same grade of engir>e oil as regularly used or 
with a recommended flushing oil Run the 
engine until the oil is warm, and then com- 
pletely dram the system and discard the 
filters 

Renew the filters, including new seal rings 
Refill the crankcase Run the engine and 
ch^^.K lor leaks Shutdown the engine and 
check the oil level 

For an engine that is contaminated with metal 
chips such as would occur after an internal 
failure, the same flushing procedures would 
apply as above, but with these additional 
flushing and precautionary measures' 

1 Remove the oil cooler and flush it. 

2 Remove any external Ijnes such as a 
bypass filter line, flush and blow them 
clean with compressed air 

3 II the engine has a turbo charger, remove, 
flush and blow clear the turbo lube lines 



ERIC 
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QUESTIONS ~ LUBRICATION SYSTEM 

1 Two of ihe functions of ihe lube system 

in an engine are to reduce 

between moving 

parts and absorb and dissipate 



2 True or False'' Most engines today use a 
futl-pressure lube system, 

3 What protects the oti pumps from over 
pressurizing'' 

4 What are the two c^^mmon types of oit 
(liter systems 

(a) Full pressure and low pressure 

(b) Full flow and bypass 

(c) Full flow and medium flow 

(d) Partial flow and bypass 

5 Give an example of a surface filter- 
element. 

6 On a bypass filter system when the oil 
has passed through the filter it goes to 

4a) bearings 

(b) val^^^ cover 

(c) camshaft 
i"^} crankcase 

7 On a full-flow (iHration system the oil af- 
ter passing through the filter goes to the' 

(a) bearings 

(b) valve cover 

(c) camshaft 

(d) Crankcase 

8 What occurs within a full-flow oil (iiter if 
the filter becomes plugged? 

9 What IS the function of the pressure dif- 
ferential valve between an inlet and 
o'jtlet line of an oil cooler'' 

10 V/hy IS crankcase ventilation so im- 
portant? 

12 True or False? There is a simple 
equation between additives and oil 
quality the more additives, the better the 
oil 

13 The S A E nufrber identifies oils by their 

range The higher the 

number the the oil 



14 What are the two categories that engine 
oils are divided into for service 
classification? 

15 What IS oil classified as CC suitable for? 

16. True or False'' An engine should be stop- 
ped for at least five minutes before the 
oil level IS checked, 

17 What does the term oil analysis refer to? 

18 What IS considered to be an ideal sampl- 
ing interval for engine oil analysis'' 

(a) 10 to 50 hours 

(b) 50 to 100 hours 

(c) 125 to 250 hours 

(d) 250 to 500 hours 

19, What information can a regular oil 
analysis program give you? 

20, Why should oil be warm when it is 
drained for changing? 

21 Under what three conditions would it be 
necessary to flush the engines lube 
system? 
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AIR fNDUCTION SYSTEM 

The BIT rndiolfon system must" 

1 Supply an abundance of clean ajr for com- 
bustion The air must be at the right 
degrf^e of coolness and the air intake 
n*ust not be too noisy 

2 Supply a^r to aid jn scavenging burned 
gases from the cylinder. 

Three types of systems are used to supply air 
to an engine: 

1 Naturally aspirated- and naturally 
aspirated and scavenge blown 

2 Turbo charged. 

3 Turb; charged and after cooled- 



The naturally aspirated system* olten referred 
to as N-A . IS the simplest of the air induction 
systems. The term naturally aspirated is ex- 
plained as follows* aspirciting refers to the 
drawing in of air. A naturally aspirated engine 
u said to draw in air or breathe naturally On 
the piston*s intake stroke* air via the air 
cleaner is drawn into the engine. No aids are 
used to help get the air m or out of the engine* 
air is drawn m because atmospheric pressure 
IS higher than the pressure in the cylinders. 

In a naturally aspirated oi N.A. er^gina (Figure 
7-72} air enters the cleaner and flows to the 
carburetor where it mixes with gasoline. From 
the carburetor the mixture travels through the 
intake manifold and enters the combustion 
chamber at the intake valve* 

In a naturally aspirated engine* since there is 
no carburetor* air travels directly from the 
cleaner through the intake manifold and into 
the combustion chamber where it is mixed 
with miected fuel* 



PRE_CLEAHER 

A 
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(7-72) 

NATURALLY ASPIRATED AIR SYSTEM 
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A naturally asptrated. scavenge blown air 
system IS simitar io the basic N.A. system ex- 
cept that an air pump, driven by the engine is 
used to supplement the natural intake stroke 
breathing. This scavenged blown system is 
used on two stroke cycle diesel engines (e g.* 
Detroit Diesels) when intake ports rather than 
intake valves are used (Figure 7-73). 

The air pump, called a Roots Blower, creates 
a positive pressure apprOKimately 4 psi within 
a cha.nber that compfetefy surrounds all the 
cylinders The cliamber is called the air box 
When the piston is at its lowest point the in- 
take ports are open and the exhaust valves 
are also open Fresh pressurized air in the air 
box rushes into the cylinder forcing the 
exhaust gases out through the open exhaust 
valves. The pump ensures complete 
scavenging of all the exhaust gases (thus the 
name scavenge blown), as well as ensuring a 
plentHut supply of fresh air for the next power 
stroke 



One of the drawbacks of a naturally aspirated 
air system is that the amount of air that the 
engine can take in is limited and therefore the 
engines horsepower is limited A turbo 
charged system brings more air into the 
engine cylinder and thereby increases the 
engines horsepower The turbo charged 
system uses an exhaust driven turbine to drive 
an air compressor. By compressing the air 
more of H can be packed into the combustion 
chamber. With more air (i.e., oxygen) in the 
cylinder, more fuel can be burned ^n the 
power stroke and thus the increase in horse- 
power. Although a turbo charger is a 
precision built device that can operate at 
speeds up to 130*00 RPM* it is a relatively sim- 
ple, durable piece of machinery Figure 7-74 
shows the basic parts of a turbo charger. 
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Exhaust gases on their way lo the muffler Pass 
through the turbine housing and rotate the 
turbine wheel The turbine wheel in turn drives 
the compressor The compressor takes air 
that has conrie in from the air cleaner* com- 
Presses n. and discharges it into the intake 
manifold where it travels lo the combustion 
chamber (Figures 7-75 and 7-76). 
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OPERATION OF BASIC TURBO CHARGER 

Courtesy of John Deere Ll'^ 

The increase in the pressure of the com- 
pressed air delivered by the turbo charger is 
called boost pressure The beauty of a turbo 
charger is that boost pressure is at its highosi 
when the engine needs rt most. S»nce the 
compressor is run by exhaust gases, boost 
pressure is at maximuir^ when the engine is 
operatmg at full load Tne boost can reach 15 
p s I or higher The increase in boost pressure 
as the engine load increases «s important in 
terms of getting the air into the cylinder 
When an engine is running at 2500 RPM the 
intake valves are open less than .017 seconds. 
With the air under greater pressu-'e. it takes 
less time for It to get into the cylinder In ad- 
dition to turbo chargers* some engines a^e 
equipped with a cooler installed between the 
turbo charger and the intake manifold. It is 
referred to as an after-cooler or intercooler 
Such an arrangement is called turbo charged 
and after cooled 



[I'll) II4IU 

AIR INDUCTION AND EXHAUST 1 
fSCHEMATIC) 

Co<)f[f?s^ C,i^eft)iHar TfOC!Of Company 



(7-76) TURBO CHARGER 

Coufl^sy ol DeTfOil Diesel General Morors Corpofa.-on 

INTERCOOLERS 

When the turbo charger compresses the 
engine intake air. the air becomes heated 
(due to compression) and expands* When the 
heated air expands, tt becomes less dense. 
The result is that part of the purpose of the 
turbo charger is defeated because less air is 
forced into the engine. To overcome this con- 
dilion* some turbo charged engines are equip- 
ped with an intercooier. An intercooler is 
loi.'-sing more than a heat exchanger; the 
h^^ated int.ake air flows over a series of tubes 
throi^gh which engine coolant is circulated 
anc* tne air is cooled, as ^shov\*n in Figure 7-77. 

,1 




Coolant inieis to afiercooiers 2— Coolant 
outlets from aftercooiers 3— AftercooierS 
4 -Aircieaner air miet 5— Air transfer pipes 
6— Turbo Charger compressor jmpener 

7— Turbo Charger turbine wheel 
8— Exhaust outlet 0— Exhaust manifold 
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The iniercooier reduces the temperature of 
the compressed air by 25 to 30'C^ The 
reduced temperature makes the air denser 
allowing more to be packed into the com- 
bustion chambers. The result is^ 

1, More power; Sufficient air Is provided to 
burn the fuel resulting in higher horse- 
power 

2^ Greater economy The fuel is burned more 
completely, giving more power from a 
given amount of fuel 

3. Quieter combustion: By lowering the tem- 
perature of the air for fuel-air rnixing, 
(here is a smoother pressure rise in the 
engine cylinder Figure 7-78 shows a 
typical jniercooler mounting. 

(7-78) TYPICAL INTERCOOLER MOUNllNG 




Courtesy of General Motors Corporation 
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AIR CLEANERS 

Clean air is essennal to satisfactory engine 
performance and long engine life. The air 
cleaner must remove fine materials such as 
dust and blown sand as well as coarser 
materials such as chaff or lint. This residue 
collects in a reservoir which must be large 
enough ihat operation is maintained over a 
reasonable period of time before cleaning and 
servicing is necessary. If an air cleaner Is not 
cleaned buildup of dust and dirt in its 
passages will eventually chOKe off the air sup- 
ply, causing incomplete combustion and 
heavy carbon deposits on valves and pistons 
K^uUiple air cleaner installations are 
sometimes used where engines are operated 
under extremely dusty air conditions or where 
two small air cleaners must be used in place 
of a single large one. 

The most common types of air cleaners are 

1. Pre-cleaners 

2. Dry element cleaners 
3 Oit bath cleaners 

Pre^Cleaners 

Pre-cleaners (Figure 7-79) are usually in- 
stalled at the end of a pjpe extended upward 
into the air from the air cleaner inlet. In this 
location pre-cleaners are relatively free of 
dust Pre-cleaners are simple devices whjch 
remove large particles of dirt or other foreign 



matter from the air before it enters the main 
air cleaner. They relieve much of the load on 
the air cleaner and allow longer intervals be- 
tween servicing. Most pre-cleaners have a 
pre-screener which prevents lint, chaff, and 
leaves from entering the air intake. 



(7-79) 
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pre-screenerI 

Pre-Cleaner9 and P^^-Screeners Keep Large 
Foreign Particles From Reaching the Air Cleaner 

Courtesy of John Oeere LlC 

Pry Element Air Cleaners 

CyMndricaE Pry Element Cleaner <vane and 
tube type) 

Atmospheric air enters the iniet opening of a 
dry element air cleaner {Figure 7-80) where it 
immediately travels through a ring of vanes oi 
tubes which create a cyclonic twist to the air. 
The air twist throws most of the dust and dirt 
particles Outward and down into a removable 
dust cup. The air, now cleaner, passes 
through a paper filter which removes the 
remaining dust. 

FILTER 



{7^80) 

Dry Element Type 
Air Cleaner 




CounesV oi John Oeere Lid 
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Panel Cartridge Dry Efement Cleaner 

Pane cartridge dry element cleaners (Figure 
7-81) have a iwo-stage cleaning process 
similar to the cylindrical models Deflector 
vanes create a twist in the incoming air which 
throws out most of the dust. The air then 
spirals back through the cleaner's element 
which removes the remaining dust. 




PANEL CARTRIDGE AIR CLEANER 

Cogfiesv o1 Curniiins Engine Co 



Some panel cartridge arr cleaners use an 
exhaust aspirator to remove the dust through 
the exhaust system (Figure 7-82) 




CARTRiDGE TYPE-AIR ClEANER-TWO STAGE 
Courtesv Of ComfTiifTi Engine Co 



Other panel cartrfdge air cleaners replace Ihe 
first stage o^ cleaning with a moisture 
eliminator Some vehicles such as on-highway 
trucks are subjected to water/salt spray and 
the incoming air needs to have the moisture 
removed liom il before it reaches the dry filter 
element Attached to the front of the cleaner, 
ihe ehmmator traps and expells the moislure 
from the wet air and then sends the dry air to 
be further cleaned by the paper filters (Figure 




Oil Bath Cleaners 

OH balh cleaners have a cleaning element in- 
side a housing that contains oil (Figure 7-84). 
Incoming air reverses when it strikes the sur- 
face of the oil causing most of the dirt lo be- 
come trapped by the oil and settle in the 
sump. Th* air then passes upward through the 
mam cleaner element where more dust and 
suspended oil fs removed. These second- 
stage filtered contaminants drain back into 
the sump and also settle oul of the oil. Clean 
air leaves the cleaner at the air outlet. Light, 
medium and heavy duty cleaners are 
available. Note that the space above the mam 
element in the air cleaner acts as a silencer to 
subdue intake noise, coori^sy of Jonn Deere Lctf 
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(7-85) AiR FILTER RESTRICTION INDICATOR 

CouJtesy oi General Morors Corporation 



(7^84) MEOIUM-OUTY OiL BATH AIR CLEANER 
Courtesy John Oec<e Ud 

AIR FILTER RESTRICTION INDICATOR 

The air filter restriction indicator (Figure 7-85) 
IS a waiping device that tells when the air 
filter IS ojrty and neecfs to be serviced. The jn- 
d»cator IS conslructed s > the warning notice is 
gjven before any damage occurs to the 
onyine as me rssult of a clogged filter 
elemen: The restriction indicator is located in 
the air inlet rr.anifotd and is readily visible 
when the engine compartment is ope:* The in- 
dicator itsefJ requires no ser^^^ce other than 
resetting. 

When the filte*^ element is clogged to such a 
degree that air flow is restricted, a red in- 
dicator nng appears in the tiansparent area oJ 
the body marked "service level". This is the 
signal that the air cleaner must be serviced. 
Afier servicing the cleaner, the indicator \s 
reset by depressing the buttor on top of iL 
The red ring will then move out of the trans- 
parent area of the indicator. 

NOTE Some vehicles will have an air 
restriction gauge rather than an in- 
dicator The restriction gauge (Figure 
7-86) IS located on tne panel board in 
the cab and performs the same func- 
tion the indicator. 




(7-86) AIR FILTER RESTRICTION GAUGE 
(TYPICAL) 

Coiijiesy o' Goncrai MoiorS Corpor-ai^o'' 
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TUBINGi HOSE AND CLAMPS FOR 
AIR INDUCTION SYSTEMS 

Air induction piping works in conjunction with 
the air cleaner to carry clean air to the engine. 
It is importPit that all the piping joints are 
properly sealed and free of leaks An air 
cleaner (s completely ineffective if leaks oc- 
cur in the piping between the air cleaner and 
the engine. 

Dirt IS the basic cause of wear on pistons, 
rings, liners and valves. One of the most prob- 
able places for dirt to enter an engine is 
through an opening in air induction piping. 
Field experience has shown that mosi air 
leaks occur when wire reinforced hoses are 
used in the ^ir induction system. The leaks 
are caused by wire wearing through the hose 
fabric and they are often barely visilte to the 
naked eye. Even a very smalt hole can allow 
large quantities of dirty atr to enter an engine. 
Therefore, wire reinforced hose is not recom- 
mended for air induction tubing, 

Smooth-WeJded SteeJ Tubing 

Smooth-welded steel tubing (Figure 7-87) 
should be used instead of flexible hose or 
metal tubing that has rough-weld steel tubing 
angle joints Smooth welded steel tubing has 
a smooth surface that gives a good sealing 
contact with rubber connecting hose. 




(7-87) SMOOTH-WELDED STEEL TUBING 

Coone&V o( Cummins Engine Co 

Connecting Hose 

Steel tubing is joined by connecting hose 
(Figure 7-88). The hose has a built-up hump at 
Its center to give it strength and durability. 
Note that ideally two pieces of tubing when 
connected by a hose should be 3/4 inch (19 
mm) apart. 




(7-88) CONNECTING HOSE 
Courtesy ol Commms Engine Co 

fVlolded Rubber Elbows 

To make angular connections molded rubber 
elbows are used (Figure 7-89) Elbows are 
available in both 90** and 45* angles A 90* 
elbow with ribbed reinforcement is also 
available to prevent possible collapsing under 
high temperature conditions or high inlet 
restriction. 




(7-89) MOLDED RUBBER ELBOWS 
Coufiesv of Cummins Engine Co 

Hose Clamps 

"T' bolt type non crimping hose clamps 
(Figure 7-90) should be used on air induction 
systems When tightened, the clamp exerts 
equal pressure around the circumference of 
the hose, A lock nut prevents the clamp from 
s„pping. and thus assures a tight permanent 
seal 




(7-90) T'BOLT HOSE CLAMP 
Coijrtfjsv ol Cummm& EnqinC Co 
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figure 7-91 illustrates the tubing, connecling 
hose and clamps used on a typical dual inlet 
air induction system for a large engine 




8 Clamp 

9 Tube 

3 Clamp Assembly fO. Air Cleaner Assembly 

4 Either Starting Aid 11 Band Brackets 

12 Frojjt Supports 

13 Rear Supports 

14 Engine Infets 



1 Inlet Cap 

2 Extension 



5 Tube 

6 Support 

7 Elbow 
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PREVENTIVE MAINTENANCE ON AIR 
INDUCTION SYSTEMS 

Good maintenance practices on air induction 
systems' 

1. Keep ihe air cleaner-to-ent,rne con- 
nections tight* 

2. Keep the air cleaner properl/ assembled 
so all joints are oil and air tight. 

3. Periodically rnake a careful examination 
of the air induction system for leaks. Over 
a period of time enough dusty air can pass 
through even a small crack to severely 
damage the engine 

4. When conditions are dusty frequently in- 
spect the cleaner 

5. Service oil bath cleaners often enough to 
prevent oil from becoming thick with 
sludge 

6 Use the correct grade of oiL Keep the oil 
at the proper level in the cup. Do not over- 
fill. 

NOTE Oil from an overfilled cup can be 
drawn into an engtne. The over- 
flow oil can cause a diesel 
engine to run away (overspeed) 
and severely damage itselL 

7 Always practice cleanliness when 
working on air systems. Some points ol 
caution are: 

(a) Be careful when working around an 
open air intake with the engine run- 
ning. Rags, loose clothing or other 
objects can be drawn into the engine 
and severely damage it. 

(b) Never leave an intake pipe open. Ar- 
ticles can be dropped inio an open 
pipe and cause serious damage 
when the engine is started. Don't 
cover the opening with a rag but wuh 
something hard such as a piece of 
plywood. 
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AIR CLEANER SERVICE 

Refer to the service manual about cleaning 
procedures for particular air cleaners. Typical 
air cleaner service procedures are given 
below. 

Pre-Cleaner and Pre-Screenar Service 




If toomucfi dirt is allowed to collect m the pre- 
cleaner it becomes clogged and a greater 
load JS placed on tfie mam cleaner. Remove 
the pre-screener and blow or brusfi off any ac- 
cumulation of hnt. cfiaff, or other foreign mat- 
ter (Figure 7-92) If the pre-cleaner has a 
removable collector bowL take It off and 
thoroughly clean it. 

Dry Element Atr Cleaner Service 

Servicing dry element air cleaners involves 
emptying the dust cup and either cleaning or 
replacing the dry element (Figure 7-93) The 
element should be replaced if it is damaged or 
if tt has been in normal service for one year 




(7-93) DRY ELEMENT TYPE AIR CLEANER 



Courtesy of John Oeere Ltd 

Clean the filter element at the following times: 

1 Units with restriction indicators: clean the 
element whenever the indicator signal 
shows a restriction, 

2. Units without indicators: clean the 
element at recommended intervals or 
more often during dusty or unusual 
operation 

To clean the filter element shake it vigorously 
to remove most of the dust Use compressed 
air or a vacuum cleaner to remove any 
remaining dirt (Figure 7-94). 




Patting The Element Slowing ^.lenient 



f7-94) CLEANING THE DRY ELEMENT 
Coiifiesy ol John Oenfti Lri 
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M the element is stMl dtrty, il can be washed tn 
3 solution of luke warm water 3nd commercial 
filter-element cleaner or similar non-sudsing 
detergent Washing dry elements has become 
quite common because of the high cost of the 
elements They can be washed up to six limes 
The washing can be done m a shop but more 
likely the elements will be sent out to com- 
panies who provide this service. Spare 
elements should be kept on hand to use in 
vehicles while others are being washed and 
dried. After an element is washed it should be 
checked and stored as shown m Figure 7-95) 



CHECKING ELEMENT 




1 insert light inside clean and 
dry element Check element, 
Oiscard eiemem if pin holes or 
tears are found 




2 Wrap and store eiemenis m b 
cieprt dry place 

(7-95) 



Medium and Heavy Duty Oil Bath Air Cleaner 
Service 

For a meaium-duty air cleaner remove the oil 
cup. pour out the o»K remove the sediment and 
tnoroughly clean the cup (Figure 7-96). When 
rehllmg the cup use the same oil 3s ts used in 
the engine Inspect the under-surface of the 
UxeC element tor a collection of lint, trash, or 
other foreign matter If any of these are 
present, the cleaner should be removed and 
cleaned. 




(7-96) 

HEAVY-DUTV AIR CLEANER OlL CUP AND TRAY 
CoDitesy oi Johrt Deeie Lid 



To clean ihe element soak it ^n solvent to 
loosen accumulated dirt. Thoroughly flush the 
element by rinning solvent through il from the 
air inlet end. Allow excess solvent to drip out 
81ow out the element with compressed air 

CAUTION: Never attempt to clean the 
element with a steam cleaner. 
The force of the steam cannot be 
maintained throughout the 
element and will only force the 
dirt to the center of the element. 

Wipe out the center tube with a clean lint-free 
cloth. Inspect the inside of the air cleaner-to- 
man ifold pipe for accumulation of oil and dirt. 
If necessary, remove the pipe and clean it, A 
heavy duty oil bath cleaner is cleaned in a 
similar way to a medium duty one. in addition, 
though, some heavy duty cleaners have a 
collector screen{s) attacfied to the miet tube 
which must be cleaned. Wash the screen in 
solvent and blow it out with compressed air. 
When a clean screen is held up to the light, an 
even pattern of lig»it should be visible If the 
screen doesn't pass this test repeat the 
cleaning operation or replace it. 

NOTE. The fixed elements of heavy-duly air 
cleaners are self-cieantng However 
It may be necessary to remove and 
clean these etements periodically 
See the operator's manual lor com- 
plete information. 
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QUESTIONS — AIR INDUCTION SYSTEMS 

1 Whai are the three types of arr mo^ction 
systems used to supply air to the engine? 

2 Briefly explain how a scavenge blown 
engine differs from a natural aspirated 
engine- 
s' The Turbo charger is driven by 

(a> gears in the engme 

(b) 0^1 pre^^sure 

(c) exhaust driven turbine 

(d) intake dnven compressor 

4 How does a turbo charger get more air 
into the combustion chambers than a 
naturally aspirated engine'^ 

5 Under what condition does a lurbo 
charged engme receive its maximum 
boost pressure'? 

6 An after cooler (intercooler) is used o.i a 
turbo charged engme to: 

(a) cool the exhaust gases 

(b) cool the inlet air before it enters the 
engine 

(c) cooi the inlet air before it enters the 
turbo charger 

(d) cool the exhaust manifold 

7 What are the three most common types 
of air cleaners'? 

8 True or False If an engine has a pre- 
cleaner it doesn't need a main air 
cleaner 

9 What IS the purpose of the circular or 
deflector vanes in the dry element air 
cleaner? 

10 In an oil bath air cleaner, what happens 
to the air when it strikes the surface of 
the oil'' 

What indication does an air restnctor in- 
dicator give when the air filtor needs ser- 
vicing'^ 

(a) a light comes on 

(b) a buzzer sounds 

(c) a red band is visible on the indicator 

(d) rt won't allow the engine to start 



12 When servicing an oil bath air cleaner, 
what IS the danger of over filling the 
cup'' 

13 List two safety practices to be observed 
when working on an air induction 
system 

14 How often should a dry air filter etement 
be cleaned"^ 

15 Why should an oil bath air cleaner not be 
steam cteaned? 

16 True or False'' A minor leak m air in- 
duction piping between the air cleaner 
and the engine probab!/ won t do too 
much damage. 

17 What type of oii is used m an oil bath air 
cleaner. 

18 In a medium-duty oM bath cleaner the 
cleaner should be removed and cleaned 
If 

(a) the oil is low 

(b) the oit appears to be dirty 

(c) lint and other contammants appear 
on the underside of the element 
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EXHAUST SYSTEMS 

The lunction of the exhaust system is to 
collect exhaust gases horn the engme cylm* 
ders and disperse Ihem. quietly The exhaust 
system consists of the followmg parts' 

Exhaust Valves seal the burning gases withm 
the cylinder until most of the energy has been 
expended, and then open so that the cylinder 
can clear before the next air or fuel*air charge 
IS admitted 

Exhaust Manifolds receive burned gases from 
each cyhnder and carry them away from the 
engine (Figure 7-97) Some heat from the 
exnaust manifold is used m gasoline engines 
to mamtam the intake manilold at the proper 
temperature 
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EXHAUST MANIFOLD (GASOLINE ENGINE) 

Co\tfjo^V ot John Oeore Lf<J 

Turbo Chargers use exhaust gases to drive 
the compresso^ (urbine 

Mufflers carry away exhaust gases and heat, 
and muffle engme noise "The exhaust ports in 
the engine and the passages in the exhaust 
manifold are large enough to allow complete 
scavenging and expansion of the escapmg 
gases If any burned gases were left in the 
cylinders following the exhaust stroke, the 
amount of air or fuel-atr mixture that could be 
taken in on the next intake stroke would be 
timited Engine power would be reduced and 
fuel consumption ir 3ased 




fiEVERSE^FLOW MUFFLER 
(7-98) 

courtesy oi John Oeore Lid 

MUFFLERS 

There are two common types of mufflers: 

— Straight-through 

— Reverse-flow 

Straight*through mufflers consist of a per- 
forated inner pipe enclosed by an outer pipe 
roughly ihree times larger in diameter The 
space between the pipes is sometimes filled 
with a sound-absorbing and heat-resistant 
material (Figure 7*98). 

Beverse-flow mufflers are hollow chambers 
using short pieces of pipe and baffles to force 
the exhaust gases to travel a back-and-forth 
path before being discharged (Figure 7-98) 

Mufflers reduce engine noise, but at the same 
time they must not restrict the flow of e?(haust 
gases enough to cause back pressure In the 
exhaust system. Back pressure causes in- 
complete cylinder scavenging which in turn 
causes loss of power and increased fuel con- 
sumption Excessive back pressure can even 
damage combustion chamber components. 
For each two p.s i. of back pressure about four 
engine horsepower are lost. The trade-off in 
muffler design then is to keep back -pressure 
at a mmimum while keeping the noise at an 
acceptable '^vel. Note that special mufflers 
are made to minimize the additional noise on 
systems that have engine brakes. 
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Muffler and pipmg size is related io engtne 
capacity Usually the muffler volume \s equal 
to six to eight times engine displacement 
(engine displacement is the total volume of 
air/fuel mixture an engine theoretically can 
take into all cylinders in one cycle) Bends in 
exhaust piping should be gradual not sharp, 
so that gas flow is not restricted. The general 
rule for bends is that the radius of the bend be 
fou: to f've times the diameter of the tubing 
For example 3 inch tubing should have a 12 
inch radius bend (Figure 7-99) 




(7-99) RADIUS OF BCND 

8ends in exhau~^t pipe are not usually made in 
shops; custom lengths and bends are 
available from manufacturers. 

Vehicles working in forested and industrial 
areas where fire mcy be a hazard have a fur- 
ther addition to their exhaust system — a 
spark arrester A spark arrester is a screen 
over the exhaust oi *!et to reduce the chances 
of hot pieces of carbon or sparks being 
discharged. 

PREVENTIVE ^ * ITENANCE ON 
EXHAUST SYSTEIMS 

Exhaust systems should be inspected 
peridically for restrictions and leaks. Restric- 
tions such as kinked or crimped pipes result 
in harmful back pressure, while exhaust leaks 
create unwanted noise and a Ganger of 
po sonous gas seeping up into the cab 
Restrictions are caused by pipes being struck 
Leaks are usually caused t>y 

1 loose clamp assemblies 

^efective connections between manifold 
and exhaust pipe, and exhaust pipe and 
muffler(s) 

3 corroded pipes 

4 punctured muffler. 



Leaks can be detected by running /our hand a 
few inches abu^e the pipe while the engine is 
runniiig. Damaged or corroded exhaust 
system components should be replaced 
vitho^t delay for both engine efficiency and 
ve safety. 



SOIME POINTS ON EXHAUST SYSTEIM 
REMOVAL AND INSTALLATION 

1 Caution; One of the product? of com- 
bustion is carbon monoxide This is a 
deadly, odorless, poisonous gas. Provide 
good ventilation anytime the engine is 
operating 

2. 8e careful of hot pipes and muffler(s) if 
the engine has been running recently. 
When removing pipes and the muffler. 
Support the whole assembly to prevent it 
from falling on you when the clamps and 
bolts are removed. 

3. Exhaust components must have a 3/4 inch 
clearance with the frame or the cab. Com- 
ponents without proper clearance ar, 
frequently the cause of annoying noises 
and rattles. The 3/4 inch clearance is also 
necessary to preven* overheating of the 
cab panehng. If needed, a metal or 
asbestos heat shield car^ be installed on 
the part of the pipe that passes a critical 
arf>a To get proper clearance, leave all 
clamp assemblies and muffler strap bolts 
loose temporarily until the entire system 
has been inspected to determine if there 
IS adequMte clearance between exhaust 
components and frame members. While 
the clamp and bolts are loose also check 
to see that the weight of the exnaust 
system IS properly distributed on all sup- 
porting brackets and hangers. If the load 
is not properly balanced reposition pipes 
at connecting joints. 

When the clearance and balance are 
correct, tighten all bolts and clamps, 
working from front to rear. Note when in- 
stalling the exhaust pipe to the manifold, 
always use new packing and new nuts or 
bolts Be sure to clean the manifold stud 
threads with a wire brush before instalMng 
the new nuts 

After everything is tightened start the 
engine and check the conne-ctions for 
leaks A horizontal muffler installation is 
shown in Figure 7-100 and a verticle muf- 
fler installation in Figure 7-101 Note how 
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the clamps and support brackets are 
positioned to balance the weight of the 
pipes and miJfMer(s) 



Courtesy of General Motors Cofportion 




Courtesy o( Ford Motor Co 



)OLT-5A330 COKHCCTOft 
^ C^AtA? Sim 

LH 5245 HUT-34387 Si 



(7-101 > Typicol Heovy Tf,.k Duo! Exhousl System— L / IT-* LNT-9000 with V.903 Duol Vertkol MirfflefS Shown Others 
Simitar 
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QUESTIONS — EXHAUST SYSTEM 

1 Besides carrying away exhaust gases and 
heat a muffler must' 

(a) increase horsepower 

(b) help control engine temperature 

(c) muffle engine noise 

(d) all of the at)Ove 

2 Back pressure causes. 

(a) incomplete cylinder scavenging 

(b) loss of pov^er (four horsepower for 
every two p.si. back pressure) 

(c) increased fuel comsumption 

(d) a, b and c are all correct 

3 Usually muffler volume is equal to 
times engine displacement. 

(a) e to 8 

(b) 4 to 6 

(c) 7 to 9 
td) 2 to 4 

4 Why are gradual bends better than sharp 
bends m an exhaust system? 

5 What IS the danger of leaks in exhaust 
piping 

6 From a safety point of view> what is the 
most important precaution to XakQ when 
running an engine indoors? 

7 How can you check exhaust pipe con- 
nections for leaks'^ 
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FUEL SYSTEMS 

The basic purpose of a fuel svstem rs to sup- 
ply enough fuel to meet engine speed and 
load demands Gasohne. diesel and LP gas 
engines all have a different type of fuel 
system, 

GASOLINE FUEL SYSTEMS 

The gasoline fuel system supplies a com- 
bustible mixture of fuel and air to power the 
engine The gasoline fuel system has three 
basic parts (Figure 7-102): 

fuel tank — stores gasoline for the engine 

fuel pump — moves the fuel from the tank 
to the carburetor 

carburetor — atomizes the fuel and mixes 
fuel and air in the proper rat^o 

FUEL^AIR 
MIXTURE 



AIR INLET 



CHOKE 
VALVE 
(OPEN) 



VENTURI ■ 



THROTTLE 
VALVE 
(PARTLY 
CLOSED) 




I-' ^-AlR 
MIX 




(7-103) ENGINE 

Cotjfiesy oi Jc>hf> Deere Ltd 



Courtesy o< John Oeexo Lid 



GASOLINE FUEL SYSTEM 



FUEL 
TAHK 



The fue* pump draws the gasoline through a 
Juet line from the tank and forces it in to the 
float chan(h'=ir of the carburetor where *l is 
stopped, T^'j carburetor is basically an air 
tube connected to a float chamber that 
operates by a difference m ar pressure 
(Figure 7-103) 

The pressure difference in the carburetor is 
created when air flows through a narrow neck 
called the ventun. In order to maintain its rate 
of flow a^r Iravelmg through a tube ai a gjven 
rate wilt speed up as it goes through a 
narrowing in the tube (i.e.. at the narrowing 
not as much air can get through, There!ore. 
the air must travel faster By speeding up. the 
same amount of air per second can travel 



through the narrow neck, and the rate of flow 
IS maintained) When the air speeds up its 
molecules spread out and consequently its 
pressure is reduced For example, air 
traveling at 14 7 lbs per square inch can drop 
to 8 p.s.L passi-:g through the ventun This 
drop crt^ates a pressure difference between 
the carbLretor float chamber and the car- 
buretor nozzle lhat opens onto the ventun 

The pressure difference at the nozzle lip 
draws fuel from the float chamber and delivers 
il to the nozzle *n the form of tiny dropfets The 
droplets mix with the air . d vaporize giving 
the air-fuel mixture for combustion. 
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The fuel-ajr mixture must pass a throttle valve 
belore It goes to the engine The throttle con- 
trols the amount of mixture going to the cylin- 
ders. and tnereby controls engine speed 

The other basic part ol a carburetor ts the 
choke which is needed lor starting an engine 
in cold weather The choke is located in the 
incoming air passage and partially or lully 
closing it causes a vacuum to lorm un- 
derneath il The vacuum causes the car- 
buretor to produce a mixture which has a 
greater percentage ol luel This richer mixture 
IS necessary because when gasoline is cold it 
does not vaporize as readily as it does when 
It s hot: so. more luel is needed to supply an 
adequate amount ol vapors Tne choke may 
be automatically controlled, opening as the 
engine warms up, or it may be manually con- 
trolled by the operator. 

Of course, actual carburetors are more com- 
plex; they will be studied m future training 

Recommended reading: C^)apter 18 and 19. 
Autofnotive Fuel Systems and Automotive 
Carburetors, in Automotive Mechanics, 
Seventh Edition. 

LIQUIFIED PETROLEUM GAS 
FUEL SYSTEMS 

Facts About Liquified Petroleum Gas (LPS) 

IPG IS 

1 A by-product of gasoline refining 



CONVERTER 



Vopor 




FUEL 
STRAINER 



r 



2 Also obtained from natural gas 

3 Made up of propane, butane or a mixture 
ol the two, 

4 Vaporizes very easily Remams a liquid 
only when under pressure 

5 Liquified by compressing many gallons of 
vapor to make one gallon ol liquid. 

6 Easy to handle and store as a liquid. 
Stored in strong, heavy tanks with 
pressure relief valves, 

7 Expansive when heated (due to more 
vaporization), 

8 Converted to vapor again on way to the 
engine. 

The basic difference tn the operations of an 
LPG fuel system and a gasoline fuel system is 
that LPG *s vaporized before it reaches the 
carburetor whereas gasoline is vaporized in 
the carburetor. 

Parts Of A LPG Fuel System 

The LPG luel system has four basic parts 
(Figure 7-1 04V 

— Pressurized Fuel Tank 

— Fuel Strainer 

— Converter 

— Carbi'retor 



HdI Woicr 
FfOpn Eftgioe 



FUEL TANK 




(7-104) LPG FUEL SYSTEM 



Courtesy ol John Qeere Ltd 
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The pressunzed fgei tank stores the liquid fuel 
under pressure. A space for vapor Is left at the 
top of the lank. To withdraw LPG from the 
tank two methods are used liquid withdrawal 
and vapor withdrawal. 

Most modern systems use the liquid with^ 
drawal method The fuel is drawn from the 
tank under pressure as a liquid and then 
vaporized. The vapor withdrawal method is 
normally used only for starting when the 
engirte is cold and hasn t enough heat to con- 
vert liquid fuel to vapor. Vapor is drawn off the 
top of the tank to provide vaporized fuel for 
start up. Once the engine is warm, the fuel 
system is switched to liquid withdrawal 

The fuel strainer cleans the liquid fuel It nor- 
mally has a solenoid which permits flow only 
when the engine ignition is turned on. 

The converter changes the Jiquidfuel to vapor 
by warming it and lov/ering its pressure. 

The carburetor mixes the fuel vapor with air m 
the proper ratio for the engine. 

Comparing LPG and Gasoline 

1. Both propane and butane produce slightly 
less heat per gallon than gasoline 
However. LPG has a higher octane rating 
which means that the compression ratio of 
LPG engines can be raised to offset the 
heat losses, 

1. LPG burns slower than gasoline because 
It ignites at a higher temperature. For this 
reaoon* the spark is often advanced far- 
ther on LPG engines. 

3 More voltage at the sf ark plugs may be 
needed for LPG engines than for gasoline. 

4. LPG engines do not require as much heat 
at the intake manifold as gasoline models 
because LPG will vaporize at lower tem- 
peratures The result: less heat is wasted 
and more heat goes into engine power. 



Advantages and Disadvantages of LPG 

The advantages of LPG are: 

— 8urns much cleaner than gasoline or 
diesel fuel; its exhaust contains less 
carbon monoxide and other harmful 
emissions. For this reason it is used in 
machines such as fork lifts that operate 
in warehouses or other closed en- 
vironments, 

— Cheaper fuel especially where close to 
source. 

— Less oil consumption due to less 
engine wear, 

— Reduced maintenance costs* Jonger 
engine life between overhauls. 

— Smoother power from slower* more 
even burning of LPG fuel. 

The disadvantages of LPG are: 

— Equipment costs are high. Bulk storage 
and carburetion equipment are costly, 

— Fewer accessible fueling points. Not 
many LPG filling stations, 

^ Harder to start engines on LPG in cold 
weather (O^F or below) because oil on 
the cylinder walls remains undiluted 
and makes the engine harder to turn. 
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DIESEL FUEL SYSTEMS 

The prime \ob of a diesel fuel system fs to in- 
ject a precfse amount of atomized and 
pressurized fuel into each engine cylinder at 
the proper lime 

Combustion jn the diesel engjne occurs when 
this charge of fuel is mixed with the hot com- 
pressed a(r that ignites ihe fuel 

The major parts of ihe diesel fuel system are 
(Figure 7-105)- 

— Fuel tank — stores fuel 

— Fuel Transfer Pump ^ pushes fuet 
through fillers to the injection pump. 

— Fuel filters — cleans the fuel 

ln)eclion Pump — times, measures and 
delivers fuel under pressure to the 
cylinders 

— a governor — controls engine speed, 

— Iniection Nozzles — atomizes and 
sprays fuel into the cylinders. 



Fuel either flows by gravity pressure from the 
fuel lank to the transfer pump or it is drawn 
from the tank by the transfer pump From the 
transfer pump fuel is pushed through filters 
and clea,<ed (It is very important that dtesel 
fuel be absolutely ciean so that the closely fit- 
ted parts in the injection systei.i are not 
damaged The fuel then travels to the in- 
jection pump where it is metered and highly 
pressurized and then delivered lo each of the 
injection nozzles The injection nozzles 
aiomize the Tuel and spray it into the com- 
bustion chamoers 

Function Of Fuel injection 
The Oiesei Fuel Iniection musl. 

1 Supply Fuel — The fuel injection system 
must supply the exact amount of fuol to 
each cylinder on each cycle. 

2 Timed Fuel Delivery — Fuel delivered too 
early or too late during the power stroke 
causes a loss of power Fuel must be in- 
jecied into the cylinder at the instant 
maximum power can be realized. 
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3 Conlrol Delivery Rale — Smoolh 
operahon from each cylinder depends on 
iht^ lenglh o* time it lakes lo inject the 
luel Fuel must be injected at a rate that 
con trots combustion and cylinder 
pressure. The higher the engine speed the 
^^ster the fuet ust be iniected, 

4 Atomize Fuel — The fuel must be 
thoroughly mixed with the air lor complete 
combustion. For this reason the fuel must 
be broken up into fine pa-Eicles. 

5 Distribute Fuel — The fuel must be spread 
evenly in the cylinder to unite with all the 
available oxygen This makes the engine 
fun smoothly and develop maximum 
power 

There are a number of different fuel injection 
by<;'.ems. but they all must perfomi these five 
basic ^unctions Diesel fuel supply systems 
will be dealt with in greater detail at a later 
date 



BASIC COMPONENTS OF GASOllNE, 
DltHSEL AND LPG FUEL SYSTEMS 

Following is a closer look at some of the fuel 
supply components of the three fuel systems 
that you are most likely to be in contact w«th 
at this level of training. 

Fuel Tanks 

Fuel tanks lor gasoline. LPG and Di3sel all 
have the same purpose ^ to provide a safe 
method for storing fuel The locat»on. size and 
tank material for the three systems, however 
will vary 

Gasoline and Diesel tanks generally have the 
lot lowing features' 

1 A drain plug or drain cock on ihe bottom 
of the tank which allows water or 
sediment to be periodically drained. 

2 A shut-off valve on the outlet line 

3 A filler cap that <s iw<s( lock or threaded 

4 A vent mecl^*anism It may be built into the 
filler cap or be located separately The 
vent allows air to enter the tank to replace 
the space of the fuel that is drawn out. 
thus preventing restriction of the fuel Mow 
or a vacuum in the tank 

5 An outlet pioe is raised slightly from the 
bottom of the tank to preveni dirt or water 
getting into the fuel l:ne. As an added 



precaution against dirt, the fuel pick up 
line will have a coarse filter such as a 
screen at the fuel entry point 

6. Diesel fuel systems generally have a 
return line as well. This line returns at the 
opposite end to the outlet so that any en- 
trapped aic can escape. 

7. Baffles to strengthen the tank and prevent 
sloshing of the fuel 

8. A gauge or some means of checking the 
fuel level 

9. Dual tanks have connecting lin^s and 
possibly a three-way valve to switch from 
one tank to the other 

Gasoline fuet tanks in small vehicles are 
usually made of light gauge metal pressed 
into shape an^ treated to prevent rusting. Fuel 
tanks for larger vehicles* whether for gasoline 
or diesel. are made of much heavier gauge 
metal and are rolled and welded with stam- 
ped ends. These tanks are also treated in- 
ternally to prevent rusting 

Fuel tanks come in many different sizes and 
shapes. The tank must be capable of storing 
enough fuel to operate the engine for a 
reasonable length of time. The shape of the 
tank IS made to conform to the 5>pace 
available on the machine. A tank can be tall 
short, round, square, whatever shape that will 
fit into the allotted space. 
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LPG Tanks 

An LP gas fuel tank must be strong and 
heavy to withstand the pressure of its fuel. 
The fuel tank is never filled completely full of 
liquid fuel (usually to 80%) because room 
must be left for vapors and expansion. The 
tanks require special equipment to fill them 
Two types of tanks are shown m Figure 7-106. 
a vapor withdrawal tank and a liquid with' 
drawal tank 
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Fuel Filters 

Contamination of fuel can be a major cause of 
wear to internal engine parts that eventually 
leads to engine failure Fuet filter must clean 
the fuel before it gets into the carburetor tn 
gasoline and L P gas engines, or into the in* 
lection pump in a dtesel engine 

Types Of Filters 

Filtration removes suspended matter from the 
fluid Some filters will also remove soluble im- 
purities 

Filtration can be done m three ways- 

— straining 

— absorption 

— magnetic separation 

Straining is a mechanical way of filtering 
(Figure 7*107). A screen blocks and traps par- 
ticles larger than the openings. The screen 
may be wire mesh for coarse filtering or paper 
or cloth for fmer filtering. 



M. 

ABSORPTION 
(7*107) 

CoL^rifjsy of John Deere Lid 

Absorption is a way of trapping solid particles 
and some motsture by forcing these con- 
taminants to stick to the filter media — cotton 
waste, cellulose, woven yarn, or felt (Figure 7- 
107h 

Magnetic Separation is a method of removing 
water !rom fuel A paper filter is treated with 
chemicals that cause any water m the fuel to 
separate and drip mto a water trap (The filter 
also removf-^s solid particles by one of the 
other methods of filtration ) 



Filters are rated according to the degree to 
which they filter out particles Filtration 
degree is usually measured m microns. One 
micron is approximately .00004 inch or one 40 
millionth of an inch. To get an idea of how 
small a micron is it would take 25,000 microns 
laid Side to side to make up an inch. The 
smallest particles that can be seen with the 
unaided eye are about 40 microns. Since 
some of the finer fuel filters (diesel) are rated 
at two microns, many of the particles they 
fifter out are invisible. 

Fuel filters in gasoline engines are usually in- 
corporated into the fuel pump, as below: 
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(7-108) Courtesy of John Oeere Ltd 



The filter acts as a water trap and provides a 
place where sediment can settle out of the 
fueL Sediment build up can be examined 
through the glass bowl and should be cleaned 
when necessary. In addition to this filter many 
gasoline fuel systems use an in-line-filter be- 
tween the pump and the carburetor (Figure 7- 
109). 

WITHOUT VAPOR RLfURN LINE 




Carburetor 

FuelT^nk 

(7-109) CoiJi^esy of Fr.im Cot^t^tuon 
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An m-line fuel liller usually has a pleated 
paper filtering element (porous bronze or 
ceramic is also used) enclosed in a sealed 
plastic contajner In-line filtei cartridges are 
throw-away items replaced after so many 
hours ol sen/ice (Figure 7-110), 




(7-110) TYPJCAL IN-LiNE FILTER CARTRJOGE 
CouftesV of Fram Corporanon 




Counesv ol John Oeere Lid 



Another location for a filter is at the inlet of the 
ca'buretor The filter is threaded into the inlet 
and has a tube connector at the other end. 
This filter generally uses a screen as a 
filtering element, 

LP, gas systems use a fuel strained (Figure 7- 
111) located between the luel tank and the 
converter. 

The fuel strainer has two functions: 

1, Strains fuel to clean it, 

2' Shuts off fuel when system is not 
operating. 

The strainer has stages including a screen, a 
fait filter, a chamois filter (to remove water)i 
and another screen, A sediment bowl with a 
drain plug collects the foreign matter. 

The shut-off is an electrical solenoid coil 
generally referred to as a filter lock. When the 
engine ignition is turned on, the solenoid 
magnetizes the vaive plunger ar,j opens it, 
allowing fuel to flow. When the ignition is 
turned off or fails, the valve closes 
automatically. Pressure of the fuel holds it 
tightly on its seat, 

Diesel Fuel Filter 

Although important to gasoline engines, fuel 
filtration is even more important to diesel 
operation because: 

1. Diesel luels tend to be impure, 

2, Injection parts are precision made and 
dirty fuel will damage Ihem. 

8ecause filtration is so important to a diesel 
fuel system^ the fuel wilt be filtered not once 
but several times, A typical system like the 
one in Figure 7-11? has three progressive 
stages of filters, a primary filter, a secondary 
filter and a final stage filter. 
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Primary filters are generally a combination of 
a coarse filter that removes large particles 
and a water trap: secondary filters are finer 
niters that remove most smalt particles; final 
stage filters are very fine (rated as low as two 
microns) and remove tiny» rnvisibl^ particles. 
Fuel will Pass through all three filters before 
reaching ihe injection pump* Note in the 
diagram the drain screws at the bottom of 
each stage filter 

Transfer Pumps 

Gasoline and diesel fuel systems generally 
require a fuel supply or transfer pump to move 
the fuel from the tank to the engine. The most 
common type of pump is the mechanical 
diaphragm pump which is found on gasolin© 
and diesel engines. There are also* electric, 
gear and piston transfer pumps. Figure 7-113 
illustrates the operation of a typical 
mechanical fuel pump 
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The pump operates as Joltows 

Power IS applied to the pump rocker arm at (1) 
by an eccentnc (an offset disc) on the engine 
camshaft As the camshaft rotates, the ec- 
centric causes the rocker arm to rock back 
and forth The inner end of the rocker arm is 
linked to a flexible diaphragm located be- 
tween the upper and lower pump housing. As 
the rocker arm rocks, it pulls the diaphragm 
down, and then releases it A spring located 
under the diaphragm forces it back up. Thus 
the diaphragm moves up ana down as the 
rocker arm rocks. 

When the diaphragm is pulled down, a 
vacuum or low pressure area is created above 
the diaphragm. This causes atmospheric 
pressure in the fuel tank to force fuel into the 
pump at (2) The inlet valve (3) opens to admit 
fuel into the center chamber (4), 

When the diaphragm is released, the spring 
forces it back up- causir g pressure in the area 
above the diaohragin. This pressure closes 
the inlet valve and opens the outlet valve (5). 
forcing fuel f'^om the pump through the outlet 
(6) to the carburetoi. 

If the needle valve in ihe float bowl of the car- 
buretor closes the inlot so that no fuel can en- 
ter the carburetor, Ihe fuel pump can no 
longer deliver fuel In this case, t^^e rocksr 
arm continues to rock but the diaphragm 
remains at its lower ^: nit o\ travel so the 
spring cannot for" th^ , aphragm up. Normal 
operation of the ro ■ i?sumes as soon ? *he 
needie valve in float bowl opens the ir*iet 
valve, allowing the spring lo force the 
diaphragm up 



HIGH PRESSURE FUEL LINES 
AND FITTINGS 

Some diesel fuel systems have a bank ot pum- 
ping un*ts in one housing and require high 
pressure lines to deliver the .iietered and 
pressurized fuel to the injectors. Special thick 
walled tubing and fittings are required to 
withstand the extremely high pressures. Care 
must be used not to bend or kink f'^ese lines 
and not to cross thread the ?itt!r»v,s when 
removing and installing them. 

Preventive tVlaintcnanc^ SarviM On Fuel 
Unas anu Fittings 



Keep the line connectors tight* bul not too 
tight Tighten the connectors until snug* 
but don't strip the threads. To avoid ben- 
ding the lines, use only one hand with two 
wrenches for final tightening, as shown in 
Figure 7-114, 




Periodfcally inspect the fuel I *ies 
loose connections, leaks, or Kj'ks, 



for 



(Ml 4) 

TIGHTENtNCi LINE C0NN£:CT;0NS TO AVOID 
(LENDING THE LINES 
(FINAL TIGHTGNliMG SHOWN) 

Courtesy of John Deere ttd 

3, When replacing a fuel tine, be sure to use 
an identical line in size, stxape and lencth. 
The inside diameter is very critical with in- 
jection tines. 

FUELS 

COMPRESSION AND ?UB19 

When discussing fuels, the term compression 
ratio often comes up, ConiPies^ion rsliu, as 
stated earlier is *he relation between tne total 
volume inside the engine cylinder when the 
pfston is at its greatest distance from the 
Cylinder head, compared to the volume 'vvhen 
the piston has traveled closest to the cylinder 
head. 

The type oi fuel an engins uses is directly 
related * > the engine's compression ratio. 
Each fuel has Jts limiteon how much it can be 
compressed and still bur:i properly 



ENGINES 



7:71 



1 Kerosene or distillate* when used in a 
spark ignition engme, operates best at 
about a 4 to 1 compression ratio 

2 Gasoline operates at a 7 or 8 to 1 com- 
pression ratio. 

3 LP gis has an 8 5 or 9 to 1 compression 
ratio 

4 Diesel fuel operates usually at r^boul a 16 
tc 1 compression ratio, although some 
diec^l engines can have a rat*o as high as 
20 to 1- 

Gasoline fuel has certain characteristics that 
make a gasoline engine run efficiently. The 
same can be said of diesei ruel and LP. gas. 
As well, there are dlffe'^snl grades or qualities 
of inese fuels. Below is a discussion of some 
of the basic cliaractenstics and qualities of 
gasoline* rfiesel and LP. gas fuels. 

GASOLINE 

Octane Rating 

To understand octane rating, you have to 
know what engine knock is. The following 
diagram illustrates how knock occurs m a 
gasoline engine- 



Fuel knock IS a serious problem because it 's 
hard on valves* pistons and bearings and 
causes a toss of power Tests have found that 
even a very light knock, one that probably 
wouldnt sound harmful increases the wear 
on the top piston ring about four times. 

The octane rating of a gasolme is a measure 
of the gasoline's antiknock properties. The 
higher the octane rating, the less tendency 
the fuel has to knock. 

The names premium and regular are rough 
comparative measures of octane ratings* 

1. regular — 88 to 94 octane 

2. premium — approximately 100 octane 

Prennium* riigh octane gasoline is made for 
u^e in gasoline engines that have a higher 
than normal compression ratio. Most gasoline 
engines today, however are built to run on 
regular gas 

What is the result ol using premium gasoline 
on an engine designed iq use regular? 
Premium grade gasoline can be use "^ut 
there is usually no advantage sine i ost 
engines haven't a high enough compression 
ratio to utilize the benefits of the higher oc- 
tane rating. Premium in Ihis case is a waste of 
money- Ifie best policy is to use an octane 
rated gasoline that matches the octane 
requirements of the engine. 




1 Spark Begins Fuel-Air 
Mixture Siirntng 



Coij^tf^sy of J if^o 0*^.^^ LUl 




2 ^iHCr.o Advances 
Smoot^ily. Uom- 
pressing and Healing 
End-Charge 



(7-115) 




End-Charge Suddenly 
Self Igniter W^th 
Violence. Produtcing A 
KnocK* Knocking And 
Compression Ratio 
Ar^ Directly R^laied 
The Higner Th«^ Com- 
press lon The Greatt^r 
Likelihood The 
Gasoline Wdi Knock 
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Volatility 

The gasolme property m'^"' importan* in 
engine starting i& volatilil, ^tendency to 
evaporate) tf volatility is too tow, insufficient 
vapor may be drawn mio the cylinder to altow 
easy starling in cotd weather Warm-up witl 
atso be stow On ihe olher hand, a gasoline 
with too high a volatility is apt to cause car- 
buretor iCing or vapor lock under certain at- 
mospheric conditions 

Oil companies change the volatility of 
gasoline with the seasons. In summer they 
produce a go^^olme with low volatility since 
(he warm temperatures aid m vaporizing the 
gasoKne In winter* on the other hand they 
produce a high volatility gasoline so that it 
will vaponze more readily in the colder tem- 
peratures For this reason if a summer supply 
of gasol Me is held over to winter difficulties 
m engine starting will probably resu*L 

Gasoline Additives 

Additives are put into gasolme to improve its 
performance and storage life Some of the 
main ones are 

1 Antiknock components to increase the 
octane ratmg 

2 Alcohol anti-fieezes to prevent any water 
in the gasoline from freezing and to 
prevent ice-plug formation 

3 Anti-icers to preven* the carburetor throt- 
tle plate from icin^ 

4 Deterijents \o clean the carburetor and 
keep It free of rust. 

5 Anti-oxrdeiiTS to in prove storage stability 
and f^ta^d gum forma!ion 

6 Phc^'^^iorus compounds to minimize spark 
plug (outing and surface ignition 

7 foetal deactivators to protect the gasoline 
against harmful metals that may get into 
the gasoine 

DIESEL PUEL 

D*esei tuei is rnarJe by distilling crude oil Just 
the gclane laUriQ i& probably Ihe most im^ 
portaf*. characteristic of a gasoline, the 
cetane number '-^ ihe mo^. important quality 
ui d diesel fuei Celane number is a measure 
ul the way the fuel .gniies m the combustion 
chamber In a diesel engine there is a shghl 
Jeiay between the time the fuel is injected 



and the time it begins to burn This delay is 
called the ignition delay period The delay 
period IS important because if it is too long 
the fuel when it does start to burn- will burn 
explosively causing engine knock Cetane 
number measures ihe ignition delay penod* 
the higher the cetane number the shorter the 
period 

The speed of an engine prescribes the cetane 
number that ihe engine requires. Diesel 
engmes whose rated speeds are below 500 
RFM are classed as slow speeo engines, from 
500 to 1200 RPf^ as medium speed, and over 
1200 RPf^ as high speed. Cetane numbers of 
fuels readdy available range from 40 to 60 
with values of 45 to 50 most common. These 
celane values are satisfactory for medium and 
high speed engines, but low speed engines 
may use fuels m the 25 to 40 cetane number 
range 

U IS interesling to note that the octane rating 
of gasoline and the cetane rrttng of diesel 
fuel mea'^'ire opposite fuel qualities (Figure 7- 
ll6j. A high octane rating means that the 
gasolme has a lew tendency to combust spon- 
taneously By contrast* a high ce*ane number 
means that the diesel luel will combust 
quickly and spontaneously 



gasoline 
imuSt burn evenly) 



V 

OCTANE NUMBER 



DIESEL FUEL 
rivlUST BURN FAST) 



CETANE NUMBER 



MEASURE OF FaSt, 
MEASURE OF ABILITY SPONTANEOUS 
TO RESIST DETONATION COMBUSTION 




OPPOStTES 



(7-116) OCTANE AND CITANE NUMBERS 
ARE OPPOSlTES 

Courtesy 01 John Deoro Lrd 

An important Jifference exists when using oc- 
tane and cetane numbers to judge the quality 
of the fuel. Theoretically the tiigher the octane 
rating the better the fuel, assuming of course 
that the engine can take advantage of the 
high octane fuel by increasing the com- 
pressing rat*o or by suptJr-chargjng the 
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air/fuel mixlure The same is not true ol the 
celane number Too high a celane number 
may lead to mcomplete combustion and 
exhaust smoke tf the ignition delay period is 
(00 shon (o allow proper mixing of the fuel 
and air wilhir the combustion space 

There are two classes ol d*esel fuels. No, 1-0 
ai*d No 2-D These classes set standards lor 
luel cha^'acteristics such as cetane number 
volatility, viscosity, pour and cloud point, car- 
bon residue^ sulJu^^ content and others The 
numbers i and 2 do no| mean that No. 1 is a 
higher grade than No 2: bolh are of good 
quality but each has characteristics that are 
suitable for different engines and operating 
conditions Some manufacturer*^ will recom- 
mend using either 1-0 or 2-0 depending on 
working conditions For example, the lable on 
diesel luel usage m Figure 7-117 is taken from 
a John Oeere Ltd tractor operator's manual 

Ambient Diesel Fuel 



Type of Engine 


Air 


Grade 


Service 


Temperature 


No 


Light load tow speed 


Above 80 ^ 




considerable idling 


eeiow 80 F 


1-D 


Interrneaiate and heavy 


Above 40 f 


2-D 


load ^ high speed. 


Below 40 f 


t-D 


mimmufn of idling 






At altitudes above 


Atl 


l-D 


5 000 feet 







^cmrtesv oi John De'jrr LrcJ (7-117) 



LPG 

As stated earlier LPG can be <ill propane, all 
butane, or a mixture of the two Today, 
however ' is usually all or niostly propane 
LPG. ir gasoline, has an octane rating; 
propane and butane 95. The high oc- 

tane ratings *.PG make it suitable for high 
compression engines LPG does not come m 
different grades or qualities 

STORING FUELS 

There are two main areas of concern when 
storing luel: 

— protection of fuel quality 

— safety 

STDR}NG GASOLINE 

Three conditions must be controlled lo main- 
tain satisfactory supplies ol gasoline: 

— Control loss through evaporation. 

— Avoid gum deposits in gasoline. 

— Protecl gasoline from water and dirt 

Controlling Evaporation Loss 

Figure 7-1 18 illustrates the effects ol coloring, 
shading, and a pressure vacuum relief valve 
on gasoline evaporation. 



Courtesy ol J'>hfi Deere Ltd 




A — Rtd Tank Exposotf To Sun's mat C ^ White Tank ProWcletf By A shade 

B — Wtiit0 Of Aitsmioum Tank £4p<>ited To Son's Hoat 0 — WtiHe Shaded Tank EQviPPOd With A Pr^ssure-vacvum 

Refief vatve 

17-118) SUMMER EVAPORATION LOSSES FROM COO GALLON GASOLINE STORAGE TANKS 
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Although this lest is condocted onder summer 
temperatures. &*m*lar res Us would occur tn 
y^mter because winter fuel, as was described 
earlier is more \/olatUe and evaporates 
quicker 

tJ an underground tank is used the tem- 
perature of the stored fuel remains low 
enough all through the year so that 
evaporation losses are small 

Avording G«jm Deposits 

Gasoline will oxidize and form gum deposits if 
kept for long periods. Oil companies add an 
inhibitor that will protect the fuel fo" six 
months to a year under normal storage con- 
ditions, but the interval is greatly reduced >f 
the gasoline is exposed to sunlight and to 
high storage temperatures To frmrt gem for- 
mation avoid storing more gasoline that you 
can use conveniently in a period of about 30 
days Gum deposit js less of a problem with 
underground tanks since the fuel remains 
cooler 

Protecting Ga^'nline From Water and Dirt 
Contamination 

Practice strict habits of cleanliness when 



adding foel to a tank or taking it out No mat- 
ter how careful you are. though, water and dirt 
will still enter the tank Condensation forms 
on the inside of the tank and the moisture 
drops to the bottom of the tank because v^^ater 
IS heavier than gasoline. The more the tem- 
perature of the tank varies, the greater the 
amount of condensation. Thus the same 
precautions that are taken to keep 
evaporation down v^^ill also limit condensation. 
Water must be occasionally drained or pum- 
ped out of the tank 

Like condensation djrt in the fuel will settle to 
the bottom of the tank. This sediment must oc- 
casionalty be drained or pumped out of the 
lank See the next section on storing diesel 
fuels for illustrations of pumping and draining 
tanks 

Safety 

l^jre prevention regulations regarding tank 
placerrent are shown in l^igure 7-119. The 
distance that the tank must be av^^ay from a 
building is intended to protect the building in 
case of fire 




BUILDING 



SAFE '.OCATION OF GASOLINE STORAGE 
TANKS IN RELATION TO BUILDINGS 

Courlosv of John Do^^r^^ L*d 
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STORING DIESEL FUELS 

Evaporation during storage, whether above or 
below ground, is not rapid enough with diesel 
fuel to be a concern More important with 
diesel fuel is to 

1 keep It free of dirt and water 

2 prevent gum deposit 

Keep Fuel Free Of Oirt and Water 

It IS important that all fuels be kept free of dirt 
and water, but it is especially important with 
diesei fuel The reason' the fuel infection 
system on a diesel engine is 'jtted with parts 
that are held within milhonths of an mch 
clearance Very fine dirl particles soon ruin 
the parts and cause an expensive repair job. 
Water even extremely small amounts, causes 
corrosion which rums the high-polished sur- 
faces of the injector nozzles. Ad operators 
manuals for diesels emphasize the im- 
portance of clean fuel 

Waier IS a'^oux the same weight as diesel fuel 
so <t settles out very slowly For this reason 
allow 24 hours for water and dirt to settle to 
the bottom of the storage tank after it has 
been refilled U^e two storage tanks: when 
one IS refilled, the other can be used tosi-pply 
fuel If you have only one storage tank, be 
sure to fill your machine's fuel tank before the 
supplier refills the storage tank Another good 
policy IS to fill engine tanks at the end of each 
day to reduce overnight condensation in 
them 

If dn-ms are used for storing fuel, be sure that 
they are mounted rigidly in place Any han- 
dling will remix the dirt particles and water 
from the bottom of \h3 tank with the fuel 
When portable drums are used for reJueling in 
the field, be sure they are in place at least 24 



hours before fuel is drawn from them. Also 
don t let water collect on top of drums (Figure 
7-120) because 

1 vft^aler resting on the top tends to rust the 
drum. 

2 as fuel IS drawn from the tank, water may 
be drawr^ through the air vent directly into 
the fuel supply. 

NOzzLe. 

CAP 

AVO!0 
WATER HERE' 
MAY eNTER 

Tank 



(7-120) 




Court esv of 
John Deere Ltd 



Dirt particles may come from several different 
sources. Some particles may be present in the 
fuel when delivered but dirt is far more likely 
to come frofT carelessness or improper 
storage Some rules for preventing dirt in the 
fuel supply are: 

1 Don t use an open container to transfer 
fuel from the storage tank to tne machine 
tank. ** will greatly mcrease the chance of 
dirt entering the fuel tank. To transfer fuel, 
equip aboveground tanks with a pump and 
hose (Figure 7-120) or a gravity hose 
(Figure 7^121). Be sure to cap the end o. 
the hose nozzle while the hose isn't in 
use 

veNT Pipe 

AND 

AIR riLieR 



FILLER 

CAP 




DRAIN 
COCK 
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Don't store diesel fuel in a galvanized 
tank A galvanized tank is satisfactory for 
gasoline, but when diesel fuel is stored m 
It. the fuel reacts with the galvanized 
fmish causing powdery particles to form. 
These particles soon clog the fuel filters 
on a diesel engine. Use steel tanks to 
avoid this problem 

Don't use a tank formerly used for 
gasoline to store diesel fuel Fine rust and 
dirt particles that settled out of gasoline 
and accumulated on the bottom of the 
tank, mix readily with diesel fuel and may 
remain suspended in it until drawn from 
the tank 

Don't let the suction ptpe to the fuel pump 
extend to the bottom of the storage tank. 
This permits the pump to pick up water 
and sediment that has settled out of the 
fuel The end of ihe p!p© should be three 
or four inches from the bottom If possible, 
slope the tank away from the pjpe or 
outlet valve 

Always dra^n the storage tank before 
refiHing and clean the tank twice a year 
otherwjbe the dirt and water residue inay 
nse high enough to be drawn out with the 
fuel (Figure 7-122) 

(7-123) 

USING HAND PUMP 10 CLEAN 

DIRT AND WATER FROM 
UNOERGROUNO STORAGE TANK^^ 



Preventing Gum Deposits 

Diesel fuel, like gasoline, contains a gum 
inhibitor which retards the formation of gum 
and varnish for about three months Keeping 
above-ground tanks shaded will help to hmit 
gurn deposits. 

Diesel fuel may be stored longer than 
gasoline: while gasoline should not be stored 
longer than 30 days, diesel fuel may be kept 
for about three months. 

Safety 

Although diesel fuel is safer than gasohne, 
the safety precautions that apply to gasoline 
should also apply to diesel fuel 



TO PUMP 




tK^'^v of J^>r>r> Derra Ltd 



WATER SEDIMENT 

Coufiesv ol John DeorO Lid 



SEDIMENT, WATER 
AND FUEL 




(7-122) 



1 ORAIH SEOIttEHT, WATER AND 
FUEL FROM TA^K 




FLUSH T^NK WITH CLEAH 
DIESEL FU£L 
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STORING LPG 

Since LPG is s*ored in pressurized tanks* 
there are no problems in maintaintng the 
Qualily of Ihe fuel nor problems with (he fuel 
evaporaung. Also the fuel will not change 
chemically* during storage. Therefore. LPG 
can be sior^^d for as long as necessary. 

Safety Wr^h LPG 

1 Remember that LPG is always under 
pressure and the fuel supply components 
must be teak proof 

2 Never smoke or use any flame near the 
fuel 

3 Fill holes and \w/ spots m the vicinity of 
the storage Gas fumes that leak from the 
lank or escapes wh*!e filling the machine 
are heavier than air The fumes will ac- 
cu;nulate sn low spots and become a fire 
hazard 

Large storage tanks for LPG like those 
gasoline ano diesel fual have to be located at 
a safe distance from buildings and from other 
fuel tanks. In Figure 7-12*1 note the posts 
protecting the pump and hose connections. 




F^rom A««tdefltal Buniping) 

(7-124) SAFE LOCATION OF LP-GAS STORAGE TANKS IN RELATION TO 
BUILDINGS AND OTHER FUEL STORAGE 

COiiriesV O* Deere L\6 



88 



7:78 



ENGINES 



PREVENTIVE MAINTENANCE SERVICE OF 
FUEL SYSTEMS 

DAILY WALK AROUND CHECKS 

The following checks on the fuel system 
^ould be made as part of the dajly ^alk 
around check and at any time that scheduled 
maintenance is done on the fuel system 

1 Look for leaks in fuel lines, in the tank^ at 
conneclions and generally throughout Ihe 
system Also check for damaged or kinked 
fuel Itnes. 

2 Check for water or dirt accumulation m 
the primary filter glass bowl (if equipped) 
and clean the bowl if contaminants are 
found On primary filters that don t have a 
glass bowl, open the dram momentarily to 
check for water or dirt 

3 Momentarily open the fuel tank dram to 
check for contamrnation 

4 Remove the fuel tank filter cap ^lean the 
cap and the area around it 

CHANGING FUEL FILTERS 

Fuei filters are cnan^ed at intervals specified 
by *he manufacturer The uvo ma»r^ types of 
filter elements are 

1 cartridge friiers installed m a case or 
housing 

2 spin ^n- Mrow away filters 

W^ter traps with washable elements are also 
use^ on sorr^ e .yStems 

3elow are good practices when cha .jmg 
filters These practices apply \o ^'iters for both 
dies&l and gasoline fuel sys^e ^ 

1 Always be aware of potential fire hazards 
when working on fuel systems especially 
■vith gasoline anri ifike the necess'^'^v 
precautions 

z u tne cyst^iT) nas a snut-oti on tne tuei 
tank(s) or fuet line close it before 
removing the filter 

3 Since clear lin*-^s aro utmost im- 
portance when working fuel sysiems 
'Pafticularly on oiesei55) i*ioroughly clean 
the entirp area arot-^d a filter before 
removing ti Also ciea"^; the jnside of Iha 
nousing on cartridge frrers. and make 
sure that th*=' gasket sealing surface on 
E>Pin on filters is absolutely clean 



4. Always install new gaskets. 

5 On diesel fuel systems, fill new filter car- 
tridges or filter housings with fuel before 
installing Ihem: Ihis will lessen the 
chance of atr getting into the system and 
making the engjne difficult to start. Diesel 
fuel systems must be completely free of 
air to function properly 

6 Bleed the fuel system of air. Bleedjng is 
described later m this section 

7 After rnstalling Ihe filter, start the engine 
makmg' absolutely sure that there are no 
leaks 
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Figures 7^124, 7-125. 7-126 give examples of 
typical luel filter changing procedures taken 
from service manuals. 

Water Trap With Washable Parts 
(Figure 7-124) 

FUEL SYSTEM RLTERS — Service When Fuel Pressure Gauge Registers OUT 

with Engine Running. 

Primary Fuel Filter 





1 Close fuel supply valve 



Throw Away Filter (Frgure '125) 
Final Fuel Filler 




^■^'A-^M^ (7-124) 



Carerpillar Tractor Co 



2 Remove bowl and element 

3 Wash element anC bowl m dean 
kerosene 

4 fnsiall elemen' and bowl 

5 Opeo luel valve and start engine 

IJ (nor pressure gaof'e siill registers 
OUT Change hnal fuel filter 




CJose topi Si*ppiv valve and 
'<>move filter 




(7-125) 



// KfAmpimt iuuAo^ Co 



Clean Nlie^r base gashei surface 
Lubricate now filter ga&hei wilh 
clean iiesel fuel 

Inntaif new filter Tighten nile^r 
until gasket surface contacts 
base then tighten additional \ 2 
turn 



Open luel valve and 
prime fuel System 

Start engine check 
foi teaks 
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Cartridge Filter (Figure^ 7-126) 

1 Remove drain plug from bottom of filter 
case and drain contenis 

2 Loosen bolt Pt top of fuel filter Take out 
dirty element, clean filter case and install 
a new element. 



(7-127) Priming Fuel System 




(7-1?6) INSTALLING REPLACEABLE FUEL 
FILTER ELEMENT 

Coti'tesv M CufiifiiioS Enrjioe Co 

3 Fill filter case with clean 'uef to aid in 
faster picK-up of fuel. Install a new gaskei 
in lilier head and assemble case and 
eiemeni T ghien center bolt to specified 
lorque 

Bleedirtti A Diesel System 

Whenever lir'es are aisconnecled. a fuel pump 
\s changed or new filier(s) are installed, the 
fuel system ^'ill ^enerciliy have to be bled or 
puirged of air Bleeding is sometimes rererred 
to as priming 

Some fuel systems are easier lo bleed ih^n 
oiheis Cranking engine v\^;if purge the air 
on one system, whereas another system will 
require loosening the injector lines or filter 
bleeders ancJ thcri crcrik;ng the cng-c. A 
third type oi system is eauipped with a hand 
pump ihai musi be aclivated to prime the fi^e) 
sysip.r Ope'^ating m&tructions for such a 
Piir.^p are given in Figure 7-127 




1 Move governor control lo off 
position Open vent valve. 




2 Unlock onmmg pump plunger 
and operate pump until . . 




3 rlow of fuel fom dram hne is 
free o' air bubbles Lock pump 
Piunger and close vent valve 

Co>tri6Sy of Cji'€tQ\i\ai rr.ict4.>r Co 
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Once the pump has tied the system, start the 
engme The engine may run rough for a little 
while until all the air is gone 

SERVICING THE FUEL STRAINER IN 
A LPG FUEL SYSim 

If the fuel strainer frosts up. its futer element 
IS probably clogged and needs cleanmg 
Before attempting to clean the stramer make 
Sure both withdrawal valves are closed, the 
engine is cold, and the lines and strainer are 
emptied oi gas To clean the strainer. fJrst 
remove the dram plug and c*9an out foreign 
matter Follow service manual mstruCs*ons on 
blowing Out the strainer and cleaning the 
strainer parts 

A failed solenoid in the strainer is moica'^ed 
when the ignition is turr^ed on and gas fails to 
flow to the converter The problem is tikely a 
sticking valve olunger. 
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QUESTIONS — FUEL AND FUEL SYSTEMS 

1 List the three basic parts of a gasoline 
fuel syslem. 

2 Besides metenng the fuel a carburetor 

(a) atmoizes the fuel 

*b) mixes fuel and air tn ihe proper ralio 

ic) distributes Ihis fuel-air mixture into 
the manifold 

(d) all of the above 

3. A carburetor works on the basic prin- 
ciple of: 

(a) difference in power 

(b) difference in pressure 

(c) difference in speed 

(d) all of the above 

4 A chcks v2!vs IS rsQutred ori a carburetor 
to 

(a) increase the power when the engine 
IS hot 

fb) increase the power when the engine 
IS cold 

(c) clean out the mixture during cold 
starts 

(d) g»ve a richer mixture for cold starts 

5 LFo IS mad^ up of 

or a mixture of the two 

6 LPG wHI only remain a liquid when it i& 

(a) stored outside 

(b) sto''ed in large containers 

(c) stored under pressure 
fd) stored m a heated area 

7 What IS the basic difference n the 
operation of an LPG fuel system and a 
gasoline fuel system? 

8. In an LPG fuel system the 

changes the liquid gas to a vapo'' 

9 Why IS LPG commonly used m such 
warehouse machines as fork lifts'' 

10- How does a diesel engines method of 
delivering fuel to the engrne differ from 
that used by a carbureted ( solme 
engine"^ 



1 1 The function of the mjechon pump jn the 
diesel fuel system is to: 

(a) time the infection and measure or 
meter Ihe fuel 

(b) pressurize and deliver the fuel to 
each cylinder 

(c) both (a) and (b) are nghl 

12. What IS the difference between an LPG 
fuel tank and a gasoline or diesel lank? 

13 The degree of filtration of a filler is 
measurec! m. 

(a) Protons 
(bi Electrons 

(c) Microns 

(d) Neutrons 

14 When an m-hne fuel filter is used m a 
gasoline fuei sysiem. n is u^uduy pieced 
betw^3n the* 

fa) gas tank and fuel pumps 

(b) carburetor and manifold 

(c) fuel pump and air cleaner 

(d) fuel pump and carburetor 

15 The filter in a LPG fuel system serves two 
purposes, it strains impurities from '^e 
fuel and: 

(a) pre-heats the fuel 

(b) coois the fuel 

(c) shuts off the fuel when lh3 system is 
not operating 

(d) stores extra fuel 

16 G:ve two reasons filtering is so important 
in a diesel fuel system 

17. A mechanical diaphragm fuel pump 
opeiates by an arm that ru is on a cam on 
the engine s 

fa) Crankshaft 

(b) camshaft 

(c) water pump shaft 

(d) rocker shaft 

18 True or False'^ When replacing fuel in- 
jection lines, any ime size or length will 
do provided the connections lit properly. 

19 Care must be taken not to 
_ fuel tine connectors 
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How does comp^es3^on rai.o relate to ihe 
fuel in engine uses? 

Which oJ the (ollowino fuels \s burned at 
the hig .est comprBLSion ratio'^ 

a) gasol.ne 
<b) diesel 
ic) LPG 

What does octane rating refer to in 
gasoline'^ 

How does low volatility gasoline effecl 
cold starting'' 

What does the cetane number refer to in 
diesei fuel'' 

Ljst the two main areas of concern when 
storing fuel 

How does the color of a fuel tank effect 

lh6 Joss of 93SOl^ri8 thrOUyH 

evaporation '' 

When gasoline and diesel fuel are stored 
fi^r long periods of lime, they will oxidize 
forming deposits. Gasoline should not 

be stored for periods over 

Diesel fuel can be stored up to 
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How can gum deposits be minimized in 
above ground diesel fuel tanks? 

How long should you wart before 
drawing fuel from a newly ftlled diesel 
tank or drum'' 

(a) 5 to 10 minutes 

(b) 3 or 4 hours 

(c) overnight 
fd) 24 hours 

What IS the best policy to follow to 
reduce overnjght condensation in a 
machines fuel tank? 

(s) stors the fT*,3ch!ne 3 iv^rirs pl3c^ 

fb) dram the water trap at the beginning 
and end of each shifl 

ic) fill the tank at the end of each shift 
or day 

*dj 'til the tank before it runs out 

True or False'' Galvanized tanks are 
suitable for storjng diesel fuel'' 



32 What advanlage does LPG have over 
gasoline and diesel with respect to 
stormg? 

33. How far should a pump intake prpe be 
fronn the bollom of a fuel storage tank'' 
Why^ 

34. Briefly lisi itenns lhal should be checked 
during a daily p.m, of the nnachine*s fuel 
system. 

35 To aid in slarting a diesel engine after a 
fuel filter change it is a good practice to: 

(a) change the filler quickly 

(b) don t shul the engine off v^hile 
changing the filter 

(c) have the fuel tank full before 
changing the filter 

(d) fill the new filter with fuel before in- 
slalling it 

36. Bleeding or prinning a diesel fuel system 
IS necessary lo remove all the 

in the fuel system after fuel 

lines have been disconnected or a pump 
or filter changed 

37. An obvious sign of a clogged filter on an 
LPG fuel system Is the: 

(a) engine is hard to start 

(b) engine runs rough 

(c) fuel strainer frosts up 

(d) engine will miss at high speed 
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ANSWERS — 'internal COMBUSTION 
ENGINE 

1 heat mechanrcal 

2 fa) air 
(b) fuel 

(cl combustion 

3 It's heated 

4 In a vaporized slate 

5 False Oxygen causes the fuel to burn 

6 rotary ^ 

^ <<j) intake, compression, power and 
exhaust 

8 ic) cycle 

9 (b) l-Head 

10 In a t\vo Stroke cycle ©ngifie. the cycle is 
completed during one revolution ol the 
crankshaft The piston makes two 
strokes, one up and one down. In a four 
stroke cycle engine, the cycle is com- 
pleted during two revolutions of the 
crankshaft The piston makes four 
strokes, two up and two down. 

11 water B\r 

12 \ gasoline 

2 diesel 

3 IPG 

13 In a gasoline engine fuel and air are 
mixed in the carburetor and then sent to 
the combustion chamber where the mix- 
ture IS compressed and ignited by a 
spark plug tn a diesel engine air is com- 
pressed in the combustion chamber and 
then injected with fuel. The heal of the 
compressed air ignites the fuek 

14 To raise the temperature high enough to 
ignite the fuel without a spark. 
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ANSWERS — COOLING SYSTEM 

1 , Prevents overheating of the engme. 
Regulates temperatures at best level for 
engine operation. 

2. False 

3^ Allows for rapid warming at starl-up. 
4 . . heat exchanger . . . 

5. (c) Convection. 

6. To circulate the water throughout the 
cooling system. 

7. . . thermostat. 

8. True. 

9. Blower fans are used on slow moving 
machines because there i^ a possibility 
of harmful materials being drawn into the 
radiator with f\ Kuctton fan. 

10. (b) to increase fan efficiency. 

11. False, 

12. (d) closed by air pressure and opened 
by spring pressure. 

13. Softens the water (i.e.. removes the 
corrosives) and removes the dirt. 

H. True, . . - corrosive inhibitors. 

15. A special element that is compatible with 
the anti^freeze needs to be used in the 
filter 

16. Leakage. 
t7 . . cold 

18. 1 They don't give a permanent repair 

2. They will ultimately cause plugging 
of the radiator. 

19. Accumulation of foreign material in the 
core air passages. Regularly check and 
blow out the radiator v/ith waier or air 
pressure. 

20. Cracked or swollen. 

21. 1 Condition. 
2. Alignment. 
3- Tension. 



22. 1. Make sure intet and outlet valves ^re 

opened. 

2 Check all hoses, fittings and con- 
nections for leal<s. 

3. Check' and top-up the coolant level. 

23. (c) hydrometer. 

24. False. 

25. (b) relieve all belt tension. 

26. (a) replace all as a set. 

27. 7/16" for one foot* and so half of that 
again for one and a half feet. 

7/16 + = ^^^^^ or approximately 

16 16 
1^' = _^ 
16 8 
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ANSWERS — LUBRICATION SYSTEM 

1 friction * * * heat. 

2 True. 

3- A maximum pressure-relief valve. 
4, (b) fiJi flow and bypass. 
5- Pleated paper filter 

6, (d) crankcase. 

7. (a) bearings. 

The filter s bypass valve opens. 

9 if the cooler becomes clogged or there is 
too mucfi internal resistance within the 
cooler on a cold start-up. the pressure 
differential valve opens allowing oil to 
still reach the bearings. 

10. If the blow-by gases in the pan are not 
vented* they will build pressure and 
cause the front ancj rear crankshaft seals 
to lejk. Also* if not vented the blow-by 
gases would contaminate the oil. 

11 Base stock oil fortified with additives to 
orovide the required performance level 

12, False. Each type of oil with its additives 
IS right for the operating conditions \l is 
designed for. 

13^ . . viscosity . . . thicker 

14 '^S'^ Gasoline engines. 

C" Diesel engines 

15 Moderate duty diesei and gasoline ser- 
vice. 

16. Tri'e. 

17. It refers to laboratory analysis of used oil 
to determine the types and amounts of 
worr* metals tn the oil. 

18. (c) 125 to 250 hours. 

19. The condition of the internal parts that 
the oil lubricates. 

20 So that contaminants will mix with the oil 
and be drained out with it. 

21 When it becomes contaminated with 
either fuel coolant, or metal chips. 
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ANSWERS - AIR INDUCTION 
SYSTEM 

1 1 Naturally aspirated^ and naturally 

aspirated and scavenge blown. 

2 Turbo charged 

3 Turbo charged and after cooled 

2 A naturally aspirated engine uses no aids 
to get aii into and out of the engme. The 
scavenge blown engine has an engine 
d''iven air pump that forces fresh air into 
the cylinders and drives the exhaust 
gases out- 

3 (c) exhaust driven turbine 

4 8y compressing the air. 

5 When operating under full load> 

6 (b) cool the inlet air belore it enters the 
engine 

7 Dry element ciaaners. pre-cleaners. ojI 
bath cleaners 

8 False 

9 The vanes create a twist or cyclonic 
movement in the air which throws the 
dust and dirt particles outward and down 
mto a removeable dust cup. The air then 
passes through the air filter to be furti er 
cleaned 

10 It reverses direction causing most of the 
dirt to become trapped by the oil and set- 
tle out in the sump 

11 (c) A red band is visible on the in- 
dicator 

12 Oil from an overfilled cup can be drawn 
into the engine causing it to run away 

13 1 Use cautton when working around a 

runn.ng engine with an open intake 
bee luse rags, loose clothing, etc^ 
car be drawn into the intake. 

2 Never leave an open intake on a 
stopped engine Cover it with 
something hard such as plywood. 

14 When the restriction indicator indicates 
the need* or at the intervals recom- 
mended by manufacturers. More often in 
severely dusty conditions. 

15 The steam will only force the dirt to the 
center of the element 



16 False 

17. The same oil as is used m the engine. 

18 (c) Lint and other contaminants appear 
on the undersic^e of the element. 
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A:^SWERS — EXHAUST SYSTEM 

1. <c) muff'e engine noise. 

2. (d) a. b and c are alt correct. 

3. (a) 6 to 6. 

4. Sharp bends cause too much restriction. 

5 Carbon monoxide can find its way into 
the cab. 

6, Ensure that there is adequate ventilation 
for the deadly exhaust gas, carbon 
monoxide. 

y. By running your hand a few inches above 
the pipe. 
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ANSWERS — FUEL AND FUEL SYSTEMS 

r fuel tank 
fuel pump 
carburetor 

2. (d) all of ttie above. 

3. difference in pressure- 

4. (d) give a richer mixture for cold slaris- 

5. . ^ propane, butane, 

6. (c) stored under pressure 

7. vaporizes before it reaches the car- 
buretor, whereas gasoline is vaporized in 
the carburetor 

8. ... converter - - 

9. It burns cleaner ttian the other two fuels: 
Its exhaust contains less carbon 
monoxide 

10. A diesel engine injects fuel directly into 
each cylinder. A gasoline engine delivers 
a mixture of fuel and air to the com- 
bustion chambers, 

11. (c) both (a) and (bj are right 

12, LPG tanks must be heavier and stronger 
because the fuel is stored under 
pressu re, 

13. (c) Microns. 

14, (d) fuel pump and carburetor 

15, shuts off the fuel when the system is not 
operating. 

16 1 the fuel tends to be impure. 

2. injection parts are precision made 
and dirty fuel wilt damage them. 

17. (b) camshaft. 

18. False. 

19. ... overtighten . . . 

20. Each fuel has its limits as to how much it 
can be compressed and still burn 
property. 

21. (b) diescl. 

22. Octane is a measure of anti*knock 
properties* The higher the octane rating 
the less tendency the fuel has to knock. 



23. It does not vaporize readily and could 
cause hard starting. 

24, Cetane number measures the ignitability 
of the fuel; the higher the cetane number 
the shorter the period, 

25 1, protection of fuel quality, 
2, safety 

26, A light-colored tank reflects sunlight. 
Thus the tank is cooler and not as much 
fuel evaporates. 

27, , . . gum one month three 

months. 

28, Paint the tank a light colon and shade 
the tank, 

29, (d) 24 hours. 

30, (c) fil! the tank at end of each shift or 
day, 

31, False, 

32, LPG is stored in a pressurized tank and 
therefore has no loss due to evaporation 
and no' deterioration with time, 

33, three to four inches so that the dirt and 
water that have settfed don't get drawn 
up witn the fuel, 

34, 1. fuel lines for leaks and damage, 

2, water accumulation in water trap or 
primary filter, 

3, momentarily open the tank drain to 
check for contaminants, 

4, clean the tank breather, 

35, (d) fill the new filter with fuel before in- 
stalling it, 

36 air , , . 

37, (c) fuel strainer frosts up. 
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TASKS — ENGINES 

PREVENTIVE MAINTENANCE SERVICE ON 
COCUNG SYSTEMS 

DAILY AND ROUTINE MAINTENANCE 
CHECK 

1- Check any liquid coohng syslemfor leaks* 
for the condition of hoses* the lension of 
belt(s)* the condition and operation of the 
shutters and fan* for dirt accumulation and 
possible air flow restriction of radialor* 
and for the level and condition of coolanl 
Perform any minor repairs such as ad- 
jusUng. tightenrngr cleaning* or report any 
suspected unsafe operating conditions to 
a journeyperson. 

SCHEDULED MAINTENANCE 

1. Using the correct lools and procedures 
staled in the service manual 

(a) Dram the coolant. 

(b) Reverse-flush Ihe radiator and 
engine block. 

tc) Remove^ tesl* inslall Ihermostal 

(d) Inslall new filler element (if equip- 
ped). 

(e) Fill ihe syslem with w aler/anli-f reeze 
solution and run ihe engine until the 
system js up to operating tem- 
perature. Check Ihe coolant level* 
and top up if low. Check the cooling 
system to ensure it has no leaks, 

2. Using an anti-freeze hydrometer, lest the 
coolant to make certain there ts sufficient 
range against freezing of coolant for your 
region. 



PREVENTIVE MAINTENANCE SERVICE ON 
LUBRICATION SYSTEMS 

DAILY AND HOUTINE MAINTENANCE 
CHECKS 

K Check the oil for water or fuel con- 
tamination Report if contamination is 
found. 

2 Check the oil level* and if low* top it up 
with the correct type of oil* 

3 Check the lubrication syslem for leaks* for 
the condition of lines or hoses* and check 
the operauon of breathers and v^nts. Do 
any minor repairs* or report suspected 
unsafe operating conditions 

SCHEDULED MAINTENANCE 

Using the correct lools and procedures stated 
in the service manual: 

1. Dram the oil sump and filters. 

2 Remove and clean the filler housings, and 
correctly install new filters* being c?reful 
to keep fillers and gaskets clean. 

3 Insert and lighten dram plugs, and fill the 
sump with the correct types and amount of 
oil. 

4 Start and run the engine and check Ihe 
complete system to ensure there are no 
leaks 

5 Stop the engine, wail for five minutes and 
recheck the oil level* adding oil if 
required. 

SERVICE REPAIR ON LUBRICATION 
SYSTEMS 

When oil contamtnalion is Jound m a machine 
or an internal component has failecf. perform 
flushing procedures 

1. Dram the complete syslem. 

2 Remover flush and re-mstall the ojI cooler 
and connecting lines* and clean the filler 
housings. 



3 Install the flushing o\l run the enginer 
slop and dram the syslem 

4 Repeat normal filler installation* oil fiH-up 
and running and checking procedures. 
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PREVENTIVE MAINTENANCE ON 
Am INDUCTION SYSTEM 

DAILY AND ROUTINE MAINTENANCE 
CHECKS 

Practice safely when working around 
open air inlets on a running engine — 
rags loose clothing, etc.. can be sucked 
into the manifold 

Practice cleanliness when working on air 
induction systems — all pipes, ducting, 
filter housings must be absolutely clean 
on assembly 

2. Run the engine and check the air cleaner 
restriction indicator (if equipped). Stop the 
engine, carefully inspect all air Induction 
piping and replace any cracked or 
damaged sections, remembering to 
tighten all clamps, 

3 Inspect the turbo charger and/or blower 
for evidence of oil leaks and if any are 
found make minor repairs. With the 
engine running check the turbo charger 
and/or blower for excessive noise. Report 
if a problem is suspected. 

SCHEDULED MAINTENANCE 

Consulting the service manual do preventive 
maintenance service on pre-cleaner and air 
cleaner(s); 

t. Oil bath type — thoroughly wash the oil 
cup and the elemeni and change the ciL 

2, Dry type — disassemble the cleaner* 
clean the container housing, clean or 
replace the filter element and reassemble. 

EXHAUST SYSTEMS 

SAFETY 

t. Practice safety when removing and in- 
stalling exhaust parts If the engine has 
lust been running the parts will be hot. 
Exhaust parts, especially on large 
machines can be heavy. 

ROUTINE MAINTENANCE CHECK 

1 Completely inspect an exhaust system for 
leaks and for loose components and make 
any necessary minor repairs. 



SERVICE REPAIR 

1. Get experience installing exhaust sy^ n 
components such as mulflers. piping and 
mounts When installation is complete run 
the engine and check to ensure there are 
no leaks 

FUEL SYSTEM 

SAFETY 

1- Practice safety with regard to fuel com- 
bustibility. Practice absolute cleanliness 
when working with fuel and fuel systems 

ROUTINE MAINTENANCE CHECK 

1. Visually inspect a complete fuel system 
from the tank to the engine (to include 
shut-off valve, lines or hoses, filters trans- 
fer pump and return line) for leaks or 
damage. Do any minor repairs and/or 
report unsafe operating conditions. 

SCHEDULED MAINTENANCE 

t. On a vehicle equipped with a diesel 
engine: 

(a) Open the drain on the fuel supply 
tank sufficiently to remove any ac- 
cumulation of waler and dirt. 

(b) Check the water trap and drain if 
required* 

(c) Install new fuel filler{s}. 

(d) Bleed the system to remove air. 

(d) Start the engine and check to ensure 
there are no teaks. 
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FUNCTIONS OF ELECTRICITY 
IN HEAVY DUTY VEHICLES 

Electricity performs many important functions 
In the Heavy Duty Vehicle and Equipment 
field. Electricity is used to: 

1 Supply power to turn the eiigine over for 
starting. 

2 Provide the spark ignition for each cylin- 
der in a gasoline engine. 

3. Provide power for all |he lights on a 
vehicle: 

— head lights 

— tail lights 

— stop lights 

— signal lights 

— dash warning lights 

— cab light 

A. Operate the horn- 
s' Supply power for electrical gauges such 
as: 

— fuel level gauge 

— oil pressure gauge 

— lemperature gauye 

6. Power electrical accessories such as. 

— radio 

— heater 

— air conditioner 

— wipers 

7 Power many varieties of magnetically 
operated controls such as: 

— starter switches 

— transmission shift conlrols 

— hydraulic valves 

8. Supply power to maintain the battery 
charge level 



ELECTRON THEORY 

This block begins with a discussion of the 
Electron Theory, the most widely accepted ex- 
planation of electricity. 

Before you can understand what electricity is. 
you first have to have a basic picture of an 
atom. All elements are made of billions of 
atoms. Atoms have particles called electrons 
in orbit around a core of protons; Ihe number 
of electrons is Ihe same as the number of 
protons. Electrons have a negative {-} 
charge, while protons have a positive (+} 
charge. The simplest atom is hydrogen having 
a smgle electron in orbit around a single 
proton. Uranium is one of the most complex 
elements wilh 92 electrons and 92 protons. 
Models of the two atoms are shown in Figure 
8-1. 




HYDROGEN ATOM URANIUM ATOM 



Ccunesy of John Deere Ltd 

In their natural state atoms have an equal 
number of positive protons and negative elec- 
trons. The atoms are therefore electrically 
neutral. This neutral stale, however can be 
altered. If an electron is attracted away from 
an atom, the atom will have a positive charge 
since il will have one more proton than elec- 
tron. Or vice versa, if an electron is added to 
an atom, the atom will have a negative charge 
because it has one extra electron. 

The element copper is widely used in elec- 
trical systems because it is a good conductor 
of electricity. The reason for copper's good 
conductivity can be explained by looking al a 
'liagrarr of its atom (Figure 8-2) 




(8-2) , « • . 

STRUCTURE OF • • ♦ , Courtesy cl 

A COPPER ATOM ^ joha Oeere Lid 

COPPER ATOM 
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The copper alom conlains 29 electrons 
distributed in four separate shells or rings. 
Notice that Ihe outer ring has only one elec- 
tron; it is this one electron that makes copper 
a good conductor of electricity. Because 
there Is only one electron in its outer orbit 
where many could theoretically fit, and be- 
cause this electron is quit; a distance from 
the positively charged nucleus that attracts or 
binds the electrons to the atom, the copper 
atom does not hold onto the electron too 
strongly- Therefore, copper atoms have the 
tendency to both give up or accept an elec- 
tron In Its outer orbit. 

Consider what happens in a copper wire 
where there are a string of copper atoms with 
a positively charged atom at one end (i.e,, the 
atom has no electron in its outer ring) and an 
atom wjth negative charges at the other end 
(Le., the atom has an extra electron, that is 
two electrons in its outer ring). Since positive 
charges attract negative charges, the 
positively charged first atom will attract the 
negatively charged electron in the outer orbit 
of the second atom. 



This electron will jump over to the positively 
charged atcm giving the atom the electron It 
was missing In its outer ring (Figure 8-3). 




The first atom has achieved a neutral state, 
out now the second atom is left with no elec- 
tron In its outer ring, and SO it has a positive 
charge Its positive charge attracts the 
negatively charged electron from the third 
atom- The third atom will attract an electron 
from the fourth, the fourth from the fifth, and 
so on The second to last atom will take an 
electron from the last atom which being 
negatively charged has two electrons in its 
outer orbit. Now all the atoms along the row 
have the right number of electrons in the 
outer ring. In the process electrons have 
passed from atom to atom, drawn to the 
positive end alcng the line of atoms from the 
negative 6nd. Looked at in terms of the 
direction that the electrons move^ a flow of 
electrons has taken place from the negative 
end to the positive end. This last statement is 



the definition of electricity. Electricity is the 
flow of electrons from atom to atom in a con- 
ductor in the direction of negative to positive. 

Of course, the above description of electron 
flow is simplified On an actual cross section 
CT a copper wire there are billions of copper 
atoms and so billions of electrons will be 
passing amongst them. These electrons will 
continue to flow as long as the positive and 
negative charges are maintained at each end 
of the wire By adding new electrons to the 
negative end of the wire and by taking elec- 
trons away from the positive end of the wire as 
Ihey get there (this is what a battery does) the 
electrons or electric current will flow in- 
definitely, 

A basic idea of electricity is by no means easy 
to grasp Electricity is spoken of as flowing in 
a wire, )ust as water is said to flow in a hose. 
But water is a real substance that you can see 
and touch Elect icity on the other hand, is not 
a Substance You cannot point to a material 
and say that is electricity Rather, electricity is 
a force of attraction that causes conductor 
electrons to move and thus to have energy. 
Having no substance itself, the force of elec- 
tricity uses the substance of the conductor to 
carry its energy. Like the wind, electricity can 
be felt, the results of its energy can be seen, 
but electricity, itself, can't be looked at and 
examined 



BASIC FACTORS OF ELECTRICITY 

There 3re three basic factors of electricity: 

— current 

— voltage 

— resistance 

CuiTdnt 

The flow of electrons through a conductor is 
called an electric current and is measured in 
amperes. One ampere is a current of 6,28 
billion billion electrons passing a given point 
in the conductor in one second. The current 
or amperage of a circuit, then, is a measure of 
how many electrons are flowing in the circuit, 

Voltagd 

One end of a current carrying conductor has 
a positive charge, and the other end a 
negative charge. The strength of the charge 
depends on how many extra electrons there 
are at the negative end or conversely how 
many electrons are missing at the positive 
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end. The greater ihe number of exira elec- 
trons {or missing electrons) the greater the 
charge or ihe difference between the two 
ends. Voltage is the term used ^o measure the 
strength or force of the attraction between the 
positive and negative charnes. Of course, the 
stronger the charges at eimer end the greater 
will be their force of attraction for one 
another or their voltage. 

Voltage rs the force that causes a flow of 
current in a conductor Voltage can be 
generated by a storage battery or by a 
generator. Note that voltage is a potential 
force and can exist even when there is no 
current flow. For example^ a storage battery 
can have a potenlial of 12 volts between its 
positive and negative terminals, and this 
potential exists even though no conductors 
are connected to the posts. Voltage, also 
called potenlial differences is stored in a bat- 
tery in the fonn of a surplus of electrons at the 
negative post and a corresponding lack of 
electrons at the posilive post. When a con- 
ductor is attached to the posts the surplus 
electrons at the negative post will travel to the 
positive post. As the electrons arrlvei the 
positive post transfers them back through the 
battery to the negative post, maintaining the 
difference between the posts. 



Resistance 

All conductors offer some resistance to the 
flow of current. Resistance is caused by: 

r Each atom resisting the removal of an 
electron due to Its attraction toward the 
core, 

2, Collisions of countless electrons and 
atoms as the electrons move through the 
conductor. The amount of resistance 
depends on the material of the conductor, 
its thickness or diameter, and its length. 

In a circuil the resistors are the electrical ac- 
cessories, the lighls. the electrical motors, the 
gauges, elc. 

The basic unit ol resistance is the ohm. One 
ohm is the resistance that will allow one am- 
pere to flow when the potential is one volt. 
The symbol for ohms is SL , 



ELECTRIC CIRCUIT VERSUS A HYDRAUUC CIRCUIT 

The chart below compares an electrical circuit wilh a hydraulic circuit. 



Element 
Compared 


Hydraulic 
Circuit 


Electric 
Circuit 


circuit 


fluid flows in hydraulic 
lines to operate hydraulic 
cylinders 


electrons flow in copper 
wires to operate electric 
accessories 


source of energy 


pump 


battery, generator 


flow rate 


gallons per minute 


amperes (electrons per 
second) (i) 


working energy 


pressure 


voltage (E) 


resislance 


friction loss 


ohm (R) 
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BASIC ELECTRICAL CIRCUIT 



A basic el3ctrical circuit has three parts 
(Figure 8-4): 

— voltage source such as a battery 

— resistor such as a light bulb 

— a conductor such as copper wire to 
connect the circuit 

CONDUCTOR 



-±r BATTERY 



RESISTOR 



(8-4) 

Counesy of John Deere 

An ammeter measures th€* current *n an elec- 
trical circuit* a voltmeter the volts, and an 
ohmmeter the ohms (Figure 8-5). 



RESISTOR 




(8-5) 



E 

fvotts) 



I 

(amps) 



R 

(ohms) 



(8-6) 

Look at the triangle, as you read these for- 

E E 
mulas E = IR. I " — and R =_to see how the 

triangle works. R I 
Sample Problems 

1 A Circuit has 12 volts and a resistance of 
three ohms What is its amperage? 

Solution: 

You know Ihe volts and the ohms so use 
the formula for the amps: 



Courtesy of John Deere Hd 



I = 'I 



or amps = 



volts 



ohms 
four amps. 



Knowing the basic information about an elec- 
trical circuit means knowing the volts, amps 
and ohms in the circuit. An electrical formula 
called Ohm's Law relates these three quan- 
tities: 

E (volts) = I (amps) x R (resistance) 

Because there are three quantities, there are 
three formulas" 



E = IR 



" r" 



E 

R = 

I 



If you know any two of the quantities you can 
find the third by applying the above formulas. 
For example, if you know the amps (I) and the 
ohms (R), multiplying the amps times the 
ohms will give the volts (E). Or if you know the 
ohms (R) and the volts (E), dividing the volts 
by the ohms will give the amps. An easy way 
to remember these formulas is by using the 
irjangle m Figure 8-6 (A sjmilar triangle was 
used in Hydraulics with pressure, force and 
area.) 



2 Whal voltage is needed to send a five amp 
current through a 87 ohm resistor? 

Solution: 

You know th8 amps and the ohm so use 
the formula for the volts' 

E = IR or volts = amps x resistance 

E = 5 X 8J 

- 43.5 volts 

ELECTRICAL TERM PEFJNITIONS 

Conductor — Any substance that is a good 
transmitter of electricity Atl metals and many 
liquids are considered conductors. In general 
any substance composed of atoms with less 
than four electrons in its outer orbit \s a con- 
ductor. 

Insulator— Opposite to a conductor. Any 
substance that is a poor transmitter of elec- 
tricity. Insulators usually have more than four 
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electrons in their outer ring, Glass, plastic, 
mica, bakelite and rubber are examples of in- 
sulators. 

Clo««d Circuit — A closed circuit tias (Figure 
8-7): 

1. a circuit patti with no breaks in it. 

2. a resistor to control the amount of current 
flow. . 

J [ RES ISTOR 




(8-7) 

Open Circuit — In an open circuit the circuit 
path is opened either by a switch or by a 
broken wire. In Figure 8-8 the current can't 
reach the light because its path is broken. All 
light circuits in homes are open circuits when 
the switch is in the off position. 



LAMP 




(8-9) 



LAMP 



hi. 



BATTERY 




(8-8) 



CONDUCTOR CREATING A 
SHORT CIRCUIT 



In a short circuit there is tittle resistance since 
the current is not travelling through the 
resistor (the light). Looking at the formula 
volts 

amps = , if the ohms, the quantity you 

ohms 

are dividing by. is very small because of the 
short circuit, it means that the amps will be 
large. So large, in facti that the conductor 
would be burned up and destroyed, 

DIRECT CURRENT AND 
ALTERNATING CURRENT 

Direct current (DC) travels in one direction 
onty whereas alternating current (AC) con* 
stantly reverses direction. Batteries produce 
DC and therefore all the electrical ac- 
cessories used on heavy duty vehic les 
operate on DC, 

WATTS 

Watts measure electrical power; watts are 
found by multiplying volts x amps, tn a simple 
closed circuit having 12 volts and 2 amps, the 
number of watts is 12 x 2 = 24, The circuit is 
consuming 24 watts of electrical power. The 
amount of electrical power is usually stated in 
kilowatts (kw): lOOo watts - 1 kilowatt. 



Short Circuit — A short circuit occurs in a cir- 
cuit when the current can take a shorter 
course^ bypassing the route it was supposed 
to take- In Figure 8-9 the lamp won't light be- 
cause the current is short-circuited. 
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BASIC ELECTRICAL SYMBOLS 



+ 



POStTIVE 



CONNECTION 



NEGATIVE 



\^ BATTERY 



CONDUCTOR 
CROSSOVER 



^yVV RESISTANCE OR LOAD 



GROUND 



fGM TlOM COIL 



DISTRIBUTOR CONTACTS 




G ) DC GENERATOR 




M ] DC MOTOR 



0 OR 0 



AC GENERATOR 



l^^^^J^ ^ INDUCTOR (SOLENOID) 



'SWITCH (OPEN) 



^ CONDENSER OR CAPACITOR 



LIGHT BULB 



■SPARK GAP 



•DIODE (ONE-WAY) 



(8-10) 
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TYPES OF ELECTRICAL CIRCUITS 

There are three types of circuits {figure 8-11) 



(8-11) 



Courtesy of John Oeore Ltd 



■AAAr— I 



AAAr 



AAAr 



— VW 



AAA^ 



SEHIES 

SERIES Several resistors 
connected so that current 
can take only one path 



Series Circuits 



+ 1 

PARALLEL 

PARALLEL: more than one 
path for the current lo flow. 
Resistors are side by side 
and provide separate routes 
for the currenL 



SERIES PARALLEL 

SERIES PARALLEL: has 
some resistors connected m 
series and some connected 
in paralleL 



A basic series circuit may have a three-ohm 
{3 a) resistor connected to a l2-volt battery 
(Figure 8-12). 

4 AMPS ^ 



12 V 



+ 



3ii 



In a series circuit* the lolal circuit resistance 
is equal to the sum of all the resistors. In this 
circuiti the total circu it resistance is 4 2 = 6 
ohms. The current from Ohm*s Law is: 
12 

— =2 amperes. 
R 6 



1 =A = 



{8-12) 

Courtesy of John Oeore Ltd 



To find the current* use Ohm s Law* where 
E 12 

I = — = — = 4 amperes* or 4 amps. 



The series circuit in Figure 8-13 has a two 
chm resistor and a four ohm resistor con- 
nected to a 12 volt battery. 



12 V 



2 AMPS" 



+ 



(8-13) 

Courtesy of John Oeere Ltd 



4 VOLTS 
8 VOLTS 



Voltage across the iv^'o-ohm resistor can be 
figured using Ohm*s Law: E-IR=2 X2 = 4 
volts. For the four-ohm resistor* E = 2 x 4 = 8 
volts* These values are called the voltage 
drops and the sum of all voltage drops in the 
circuit must equal the source voltage* or 4 + 8 
~ 12 volts. An ammeter connected in the cir- 
cuit will read two amps, and a voltmeter con- 
nected across each resistor will read four 
volts and eight volts. 

In summary* series circuits have the following 
features: 

1. The current through each resistor is the 
same. Ohm's Law states that if a circuit 
has a given amount of volts and ohms* 
then a set quantity of amps will be drawn 
through the circuit. Since the amps travel 
only one path* they are the same 
throughout the circuit. Think of this 
current travel in terms of the electron 
theory. A set number of electrons set out 
from the negative terminal to travel to the 
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positive terminal. Since they can take only 
One route, the number of electrons 
travelmg (i e . the number of amps) will be 
the same at any point in the circuit 

2 The voltage drops in a series circuit. 
Unlike current, voltage is not the same 
throughout the circuit When an electron 
sets out from the negative terminal it has a 
certain strength of charge or attraction 
(i e.. volts) for the positive terminal. But 
there are resistors in its path. These 
resistors weaken the electrons force of at- 
traction because part of their force or 
strength is needed to get through the 
resistor. Thus as the electron 
progressively travels Ihrough resistors 
more and more of its strength or attraction 
for the positive terminal is used up. Over a 
series of resistors* so many volts will be 
used to get the electrons through the first 
resistor, so many through the second and 
so on, the amount of volts used up at each 
resistor depending on how large the 
resistance is. After pushing their way 
through the last resistor they have tittle 
strength or voltage left. This progressive 
consumption of voitage to get through 
resistors IS called voltage drop. Since the 
voltage drops after each resiston voltage 
varies throughout the circuit Note that the 
sum of the drops equals the total voltage 
at source. 

Parallel Circuits 

1. In a series ^ :;uit the electrons (or amps) 
have one path to follow and thus the am- 
perage is the same throughout the circuit 
Not so in a parallel circuit. In a parallel 
circuit the amps have two or more paths to 
follow The parallel circuit in Figure 8-14 
has two paths for electrons to take 



12 V 




12 V. 



(8-14) 



Electrons set out from the negative ter- 
minal. Some of them take the 311 route to 
the positive terminali and some the 6X1 
route, (Note the electrons will take the 
path of least resistance so that twice as 
many wtll take the3-nHroute as will take 
the 6JCL route,) Since the number of elec- 
trons is split up among the two circuits, 
the amps will vary at different locations of 
the parallel circuit. The sum of the amps 
from all the circuits will equal the total 
amPs of the circuit. 

The current Ihrough each resistor or 
branch of the circuit can be figured using 
Ohm*s Law, For the six-ohm resistori 

1 = — = — = 2 amps. 
R 6 



For the three-ohm resistor. 1 



12 



.= 4 



amps. The total current supplied by the 
batter/ is 2 + 4 = 6 amps (Figure 8-15). 

6 AMPS*^ 




2. 



4 — 6 AMPS 

(8-15) 

Courtesy o( John Deere Ltd. 

The total resistance of the parallel circuit 
IS equal to the voltage divided by the 
12 

total current or — = 2ii, 
6 

In a series circuit voltage drops after each 
resistor and therefore full voltage is not 
present at each resistor. The opposite is 
true in a parallel circuit: full voltage is 
available at each resistor. Why is full 
voltdge present in parallel circuits? 
Examine the parallel circuit in Figure 8-16, 



(8-16) 
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An electron starts out from the negative 
terminal wilh a 12 voll charge or attraction 
for the positive termmal As seen above, 
some of the electrons will take the route 
through the S^resistor to get to the 
positive terminal and some electrons will 
take the route through the 3 ohm resistor. 
The electron reaching the 6 resistor has 
a 12 voll attraction because it hasn't gone 
through any other resistors to drop nor 
will It have to go ihrough any other ones. 
The same can tit? said of the electron 
reaching the 3 resistor. This electron 
too has a 12 volt attraction because it 
hasn't gone through nor wili it have to go 
through any other resistors. 

In summary, parallel circuits have the 
following features: 

(a) The voltage across each resistor *s 
the same. 

(b) The sunn of the separate currents 
equals the total current in the circuit. 

(c) The Current throjgh each resistor wiM 
be diffei^nt if the resistance values 
are different. 



Series Parallel Circuits 

Series parallel circuits are not commonly 
found on vehicles^ therefore* they won*t be 
discussed here. 

COMPARISON OF SERIES AND 
PARALLEL CIRCUITS 

Both the series and parallel circuits in Figure 
3-17 have three 4 ohm circuits. 



4rv 



12V 
SERIES 



4n. 



■AAA^ — 



■A/W 

4n 



(8-17) 



Series Circuil 

Resistance; 4 + 4 + 4 = 12 ohms 



12V 
PARALLEL 
Couriesy of John O^re Lid 



volts 12 

Amperage: amps = = _ = l amp 

ohms 12 

Power; volts x amps = 12 x l = 12 watts 



r 



resistance = 12 ohms: amperage = 1 amp power ~ 12 watts 



ParaHeE Circuit 

volts 

Amperage: circuit 1 amps - 

Circuit 2 ohms 
circuit 3 

TOTAL 

Resistance: equivalent resistance is: 

volts ^ 12 
9 

Power^ 



ohms = 



_ = 3 amps 
4 3 amps 
3 amps 

9 amps 



= _ =1.3 ohms 



amps 

= volts X amps = 12 x 9 = 108 watts 



resistance = 1.3 ohms: amperage = 9 amps power = 108 watts 
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In Summdry: 

Series circuit — high resistance, low amperage, low power (wattage) 
Parallel circirit — low resistance, high amperage, high power 
Most circuits in vehicles are parallel circuits. 



MAGNETISM 

Electricity is closely related to magnetism. 
The effects of magnetism were first observed 
when naturally found fragments of iron ore 
called lodestone were seen to attract other 
pieces of iron (Figure 8-18). 



S POLE 





(8-18) MAGNETISM 

Courtesy of John Oe^re Ltd 

It was further discovered that a long piece of 
lodestone iron ore. when suspended in air. 
would align itself so that one end always 
pointed toward the North Pole of the earth 
(Figure 8-18). This end of the iron bar was 
called the north pole, or N pole, and the other 
end the south orS pole. Such a piece of iron 
ore was called a bar magnet. The bar magnet 
is the basic part of the compass, a 
navigational aid that has been used for over 
1.000 years. 

Magnetic Fields 

Further Study of the bar magnet revealed that 
an attractive force was exerted upon bits of 
iron Or ifOn fiimgs even though the iron filings 
^ere some distance away from the bar 
magnet It was clear that a lorce existed m the 
bpace close to the bar magnet This space 
around the magnet to which iron filings are at- 
tracted IS called the field of force or magnetic 
field 

The theory of magnetic lines of force can be 
dramatized by sprinkling iron filings on a 
piece of paper resting on top of a bar magnet. 
W'hen the paper is lightly tapped, the iron 
filings line up to form a clear pattern around 
the bar magnet (Figure 8-19). 




IRON IRON 
FILINGS FILINGS 

(8-19) MAGNETIC FIELD OF A 8AR MAGNET 
Courtesy of John Deere Lid 

The pattern shows that the lines of force are 
heavily concentrated at the N and S poles of 
the magnet and then spread into the 
surrounding air between the poles. The con- 
centration or number of lines at each pole is 
equali and the attractive force on the iron 
filings at each pole is equal. Notice that the 
force of attraction on bits of metal is greatest 
where the concentration of magnetic lines is 
greatest For a bar magnet, this area is next to 
the two poles. 

Taking two bar magnets and experimenting 
with their polaritieSi you will find that unlike 
poles, north and souths are attracted to one 
another while like poles, north and north or 
south and south, repel one another The force 
of attracti'^n gets stronger as the two unlike 
poles are drawn closer together, and 
correspondingly, the force of repulsion gets 
stronger as the two like poles are pushed 
closer together. Stated briefly this basrc law 
of magnetism is: unlike poles attract, like 
poles repel (Figure 8-20). 



,^ UNLIKE 
*k POLES 
^^i^ ATTRACT 




LIKE 

POLES 

REPEL 



(8-20) MAGNETIC FORCES BETWEEN POLES 
OF BAR MAGNETS 

Couriesy o( John Deere Ltd 
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Just as there are good and poor conductors of 
electricity, so there are good and poor 
magnetic materials. Iron has good magnetic 
properties whereas wood paper glass, cop- 
per, zinc are less magnetic. 

How Magnets Are Made 

An ordinary iron bar can be converted into a 
magnet in a number of different ways. One 
method is to stroke the iron with another 
piece of iron that has already been 
magnetized. The effect of inducing 
magnetism into the iron bar is called 
magnetic induction, Anotfier method of 
magnetic induction is simply to place an iron 
bar in a strong magnetic field (Figure 8-21). 



■V fs - 




(8-21) MAGNETIC INDUCTION OF AN IRON BAR 

Couriesy C Jchrt Deere Ltd 

The lines of force in the field passing through 
the iron bar will cause the bar to become a 
magnet as long as it is located in the field. If 
the bar is withdrawn from the field of force, 
and if its conposltion is such that It retains 
some of its induced magnetism* it is then said 
to be permanently magnetized and is called a 
permanent magnet. Most permanent magnets 
are made of hard metals composed of alloys. 
(Soft metals will not retain much of their 
magnetism,) Some of the more common 
magnetic alloys are nicke[-iron and 
alummum-nickel'Cobalt and magnets using 
tfie alloys are trade-named ALNICO magnets. 
Permanent magnets ar3 found in many 
shapes, including the horseshoe magnf^t 
which concentrates the lines of force in a 
small area between two poles {Figure 8-22), 
Horseshoe magnets are widely used in volt- 
meters and ammeters. 




{8-22) FORMING A HORSeSHOe MAGNGT 
Courtesy of Johrt Deere Lid 



Summary of Magnetism 

— Every magnet has an N and S pole^ and 
a field of force surrounding it 

— Magnetic materials are acted upon 
when located in a field of force, 

— Unlike poles attract and like poles 
repel, 

— An unmagnetized piece of iron can be- 
come a magnel through induction. 



ELECTROMAGNETJSM 

An experiment with a compass and a wire 
carrying current reveals the connection be- 
tween electricity and magnetism. When a 
compass is held over the wire, the needle 
turns crosswise to the wire (Figure 8-23), 
Since the only thing known that will attract a 
compass needle is magnetism, it is obvious 
that the current in the wire creates a magnetic 
field around the wire, 

S N 




CURRENT 
CARRYING 
{8-23) \^ WIRE 

eieCTRIC CURRENT CREATES ITS OWN 
MAGNETIC FIELD 

Couriesy of John Deere Ltd 

The nature of the magnetic field around the 
wire can be seen when a current-carrying wire 
is run through a piece of cardboard, and iron 
filings are sprinkled on the cardboard. The 
iron filings align themselves to show a clear 
pattern of concentric circles around the wire 
(Figure 8-24), 




{8-24) 



DIRECTION OF 
CURRENT FLOW 



Coufiesy of John Deere Lid 
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The circles are more concentrated near the 
wire lhan farther away. Although the iron 
filings on Ihe cardboard show only the pattern 
in one plan^, remember that the concentric 
circles extend ihe entire length of the current- 
carrying wire. 

When a current is travelSng m one direction 
and a compass is placed in the elec- 
tromagnetic field, the needle aligns itself so 
that magnetic lines enter its S pole and leave 
its N pole. If the direction of the current is 
changed the compass needle reverses its 
position and points in the opposite direction. 
Thus It can be concluded that: 

Electro-magnetrc lines have direction, and 
the; change that direction when the 
current flov^/ is reversed in the wire. 

Points About £ractromagnetism 

1 The number of lines of force, or strength 
of the magnetism, increases as the 
current through the conductor is in- 
creased More current creates a stronger 
field If a compass is moved farther away 
from the conductor a point finally is 
reached where the compass is unaffected 
by the field. If the current is then in- 
creased the compass needle will be af- 
fected and will again indicate the direc- 
tion of the magnetic field (Figure 8-25). 




ONE AMPERE 

(8-25) 




THREE AMPERES 

Courtesy of John Deere LW 



When 3 number oi conductors are placed 
side by side, the magnetic effect is in- 
creased as the lines from each conductor 
join and surround all the conductors. The 
ratio of increase can be seen in the 
following: 

Two conductors lymg alongside each 
other carrying equal currents 'n the 
same direction create a magnetic 
field equivalent to one conductor 
carrying tw^ce the current. 

2 If two adjacent parallel conductors are 
carrying current in opposite directions, 
the direction of the field is clockwise 
around one conductor and coun- 
terclockwise around the other. When the 
two wires are placed close together* as tn 
Figure 8-26, you car* see that there is a 
concentrated field between them because 
the fields from the two wires merge 
together Since both lines of force are run- 
ning in the same direction there is a 
strong field between the conductors. A 
much weaker held exists to the outside oi 
the wires 




STRONG FIELD BETWEEN 
CONDUCTORS 

CARRYING CURRENT IN 
OPPOSITE DIRECTIONS 




CONDUCTORS TEND TO 
MOVE APART 

Coone&y o' John Deere Lid 



The strong field has an important effect on 
the two conductors in as much as they 
have I tendency to move away from one 
another. Putting this observation into a 
general statement current carrying wires 
will tend lo move out oi a strong field and 
into a weak field. 
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When two adjacent parallel conductors 
are carrying current in the same direction 
a magnetic field, clockwise in directioa 
will be formed around each conductor, 
with the result that ihe magnetic lines be- 
tween the conductors oppose each other 
in direction. Thus the magnetic field be- 
tween the conductors is cancelled out. 
leaving essentially .lo field in this area 
(Figure 8-27), The two conductors will 
then tend to move toward each other that 
is, from a strong field into a weak one. 




MAGNETIC FIELD 
BETWEEN CONDUCTORS 
CANCELS OUT 




CONDUCTORS TEND 
TO MOVE TOGETHER 



Couriesy of John Oeere Lid 



In points 2 and 3 above, the n^agne»ic 
fields were from two current carrying con- 
ductors. The same principle could be 
deduced using a conductor and a 
magnetic field from a magnet: the con- 
ductor would be pushed away from the 
magnetic fieid when the conductor's field 
and the magnet's field ran In the same 
direction; and conversely the conductor 
would be pulled towards the magnet's 
field when the iwo fields run in opposite 
directions. This push and pull reaction be- 
tween a conductor and a magnet's field is 
the basic principle of an electric motor as 
will be seen in the discussion of a starting 
motor. 

A straight current-carrying wire when 
formed into a single loop still has a 
magnetic field surrounding it. The lines of 
magnetic force, however have a different 
pattern (Figure 8-28). 




fft OftV DIRECTION OF 

CURRENT FLOW 

Courtesy o( John Oeere Lid 

All the lines of force enter the inside of the 
loop of wire on one side and leave it on 
the outside Given the angles of the forces 
and the fact that the inside diameter of the 
conductor is smaller than the outside 
diameter the lines of force are more con- 
centrated on the inside o^ tr^e loop than on 
the outside. A single loop of wire carrying 
current is called a basic electromagnet. 

Electromagn ets 

Rather than one loop, an elecfromagnet has a 
number of current carrying loops combined 
together to make a coil as illustrated in Figure 
8-29. 




CONDUCTOR IN SEVERAL LOOPS MULTIPLIES 
THE MAGNETIC FIELD 

Courtesy o* John Oeere Lid 
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The strength of \Ue resulting magneiic held is 
the sum of all the single loop magnetic fields 
added together With Unes of force leaving the 
coil at one end and entering at the other, a 
north and south pole are formed at the coil 
ends, the same as in a bar magnet. If the 
Current direction through the coil is reversed, 
the polarity of the coil ends will also reverse 
The above core couid be called an elec- 
tromagnet useable 
however, have anc her 
around which the cc 
(Figure 8-30) 



electromagnetics, 
^Ipi a a » .on ca, * 
..I 3''c wrappt.:J 




(8-30) 

IRON CORE INCREASES FIELD STRENGTH 

Counesy of John Oeere Ltd 

The strength of the magnetjc field at the N and 
S poles IS increased greatly by adding the 
iron core. The reason for this increase is that 
while air is a very poor conductor of magnetic 
lines, iron is a very good one. The use of iron 
m a magnetic path may increase the magnetic 
strength 2500 times over that of air. 

The strength of the magnetic poles in an elec- 
tromagnet is directly proportional to both the 
rrumber of turns of wire and tne amount of 
Current flowing in the coil (Figure 8-31)^ 



10 AMPS 




100 
TURNS 



1000 AMPERE TURNS 
(8-31) 

Courtesy of John Oeere Ltd 

An electromagnet having one ampere flowing 
through 1000 turns, and another elec- 
tromagnet having 10 amperes flowing through 
too turns will each have a field strength of 



1000 ampere turns. The attraction on 
magnetic materials located in the magnetic 
fjeld of each of these electromagnets will be 
the same. 

Summary Of Electromagnettsm 

— electricity and magnetism are related 
because a magnetic field surrounds a 
conductor that is carrying current, 

— An electromagnet has a N pole at one 
end of the iron core and an S pole at 
the other end. much like a bar magnet, 

— Every magnetic field has a complete 
circuit that is occupied by its lines of 
force, 

— An electromagnetic field gets stronger 
as more current flows through its coils 

ELECTROMAGNETIC INDUCTION 

From the point of view of electricityi 
something \^ery important happens when a 
conductor is moved across a magnetic field: a 
voltage is induced in the conductor This 
voltage is called electromagnetic induction. 
Electromagnetic induction (i,e,i induced 
voltage) can be observed by doing the 
following" connect a sensitive voltmeter to the 
ends of a straight wire conductor Move the 
wire conductor across the magnetic field of a 
horseshoe magnet As the wire moves across 
the field the voltmeter will register a small 
voltage (Figure 8-32), 

CONDUCTOR 
MOVEMENT 




VOLTMETER 
READS VOLTAGE 



MOVING CONDUCTOR ACROSS MAGNETIC 
FIELD — VOLTAGE IS INDUCED 

{8^32) 




VOLTMETER 
READS NO 
VOLTAGE 



MOVING CONDUCTOR PARALLEL TO 
MAGNETIC FIELD — NO VOLTAGE 
IS INDUCED 

Courtesy ol John Oeere Ltd 
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If the wire is moved parallel wtih ihe lines of 
lorce. no voltage will be induced (Figure 8-32). 
The conductor must cut across ihe lines of 
force m order lo induce a voltage. 

Since a conductor cutting across the field has 
voltage> it is a source of etectnc current. )ust 
as a battery is. and must have a positive and a 
negative end. 

tri a battery the positive and negative ter- 
minals are permanent. Etectromagnetically in- 
duced voltage, on the other hand, does not 
have permanent polarity; the positive and 
negative end can change depending on which 
direction the wire is moved through the 
magnetic field. Figure 8-33 illustrates this 
^^hange in polarity and corresponding change 
in current flow. 

DIRECTION ' ^"^ 



OiJCTOR 



CURRENT FLOW 
(8-33) ^ DIRECTION 





CURRENT FLOW 

Couriesy oJ John Deero Ltd 

In the previous examples, jf. instead of moving 
the wire across the fields the field is moved 
across the wires, the same voltage and 
current How will be induced in the wire. 
Therefore, it can be concluded that voltage 
will be induced m a conductor cuttmg across 
a magnetic held when there is relative motion 
between the two. Either the conductor can 
mo^e, or the magnetic field can move. 



Strength Of Induced Voltage 

Three factors affect the strength of induced 
voltage: 

1. The strength of the magnetic field. 

If the magnetic field js made stronger, by 
using a larger horseshoe magnet for 
examplei more lines of force will be cut by 
the conductor in any given interval of time 
and the induced voltage will be higher. 

2. The speed at which lines of force are cut- 
ting across the conductor. 

If the relative motion between the con- 
ductor and magnetic lield is increased^ 
more lines of lorce will be cut in any given 
interval of time and so the voltage will be 
higher. 

3* The number of conductors that are cutting 
across the lines ol force. 

In the example on the previous page one 
conductor was passed through tne field 
and a voltage was induced. If two wires 
were moved across the field twice as 
much current would be induced; if three 
wires, three times as much, and so on. 
Electrical motors, generators, coils, use 
loops of wire rather then straight wire as 
conductors. When a straight wire con- 
ductor is wound into a coil and moved 
across the field, all the loops of wire are in 
series and the voltage induced in all the 
loops will add together to give a higher 
voltage. 

Note that the strength of induced voltage is 
related to the power needed to move the con- 
ductors across the magnetic field or vice 
versa. When current is induced in a con- 
ductori a magnetic field forms around the con- 
ductor So the magnetic field ol the conductor 
moves through the magnetic held of the 
magnet Since an interaction occurs between 
the two fields, a resistance is set up against 
the movement The more induced currenti the 
stronger the resistance Therefore, as the 
amount ol induced current increases and thus 
resistance increases, more power will be 
needed to move the conductors across the 
field The practical application of this lact is 
that the more current a generator or alternator 
produces, the more pov/er is needed to turn 
them. 
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Summary Of EJectromagnatJc induction 

— Stronger magnetic field equals more 
induced voltage, 

— Faster relative motion equals more 
voltage, 

— More conductors in motion equals 
more voltage, 

— More current induced equals more 
power to move conductors through the 
magnetic field. 

The basic electricity* magneticism. and elec- 
tromagnetism discussed above give the prin- 
ciples that electrical components are buift on. 
Clearly understood, these principles will help 
you in diagnosing and repairing electrical 
parts. 

ELECTRJCAL TEST EQUIPMENT 

To accurately test and diagnose electrical 
problems, good test equipment is necessary. 
If values for voltage, current and resistance 
are not measured with suitable test meters, 
only a guess can be made as what defect 
exists in the circuit. 

The following discussion will look at volt- 
meters. ammeters, ?nd ohmmeters. What is 
said about the three meters separately also 
applies to modern testers which often com- 
bine two of the three meters in one test unit 
(e,g., battery starter tester). 

Voltmeter 

A voltmeter (Figure 8-34} measures the 
strength of electrical potential or voltage in a 
circuit. 




(8-34) VOLTMETER 
Counesy of John Deere Ltd. 



Because the moving coil in the voltmeter is 
very small and sensitive* the current through 
thB coil must be limited to safe values. To limit 
current to a safe amount* vollmeters are con- 
structed with a high resistor in series with the 
coil. The voitmeter scale is calibrated ac- 
cordingly to indicate the true voltage. 

Voltmeters are connected across (in parallel 
with) the voltage to be measured, as shown in 
Figure 8-35, 




(8-35) 

CONNECT VOLTMETER IN PARALLEL 

Courtesy of Jom Deere Lid 

Ammeters 

An ammeter measures the flow of electrical 
current in amperej>. Two types of ammeters 
are used^ a shunt ammeter and a tong am- 
meter. 

Shunt Ammeters 

Opposite to a voltmeter, the shunt ammeter 
has a low resistance shunt connected in 
parallel with the moving coil. The shunt sec- 
tion of the parallel circuit, therefore, conducts 
most of the current being measured leaving 
only a small portion to flow through the coil. 
Always connect an ammeter in series in a cir- 
cuit: never connect it across the voltage 
source (Figure 8-36), If connected across, or 
in parallel, the meter could be damaged. 




(8-36) 

ALWAYS CONNECT AMMETER IN SERIES 
Courtesy of John Deere Ltd 

Tong Ammeter 

Tong ammeters measure the amps in a circuit 
by measuring the strength of the magnetic 
field that surrounds the current carrying con- 
ductor. The advantage of a tong ammeter is 
that you can test without disconnecting any 
wires. Current is measured by simply opening 
the tongs and placing them over the wire. 
However, a tong ammeter is not as accurate 
as a shunt ammeter. 
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Ohm meters 

An ohmmeter (Figure 8-37) measures the 
resistance or ohms in a circuit 




(8-37) OHMMETER 
Courtesy o( John Oeere U6 



An Ohmmeter has its own current supply* a dry 
cell battery, and should always be used on a 
dead circuit. Never connect an ohmmeter to a 
live circuit as the external voltage may 
damage it. Keep the dry cell switched off 
when the ohmmeter is not in use. 

Battery-Starter Tester 

A battery starter tester (Figure 8-38) has a 
voltmeter and an ammeter combined into one 
unit. The tester will do a complete lest on the 
battery and starting circuit. 




(8^38) BATTERY-STARTER TESTER 
(VOLT-AMPERE TESTER) 

Courtesy oi John Ooero Ltd 



CARE AND SAFE PRACTICES WITH 
ELECTRICAL TESTING EQUIPMENT 

The accuracy of electrical test equipment will 
depend on how well it is looked after. Follow 
these simple rules for care and use of the 
equipment: 

1. If In doubt of voltmeter ammeten ohm- 
meter hook-up procedures, refer to in- 
structions for the machine. 

2, Do not Overload the meter. Check the 
meter setting before connecting the meter 
into the circuit. For example, some volt- 
meters can have four different setting 
ranges that fall between 4 and 40 volts. 
One setting would be used when testing a 
12 volt system, and a higher setting would 
be used on a 24 volt system. 

3 Remember the basic rule applied to each 
meter: 

(a) Voltmeter — connected in parallel 

(b) Ammeter — connected in series 

(c) Ohmmeter — connected to a dead 
circuit only. 

4. Avoid connecting the meter backwards as 
reversing the connections is hard on the 
meter. Most meter connectors are color 
coded, red for positive, black for negative. 

5. Keep the instruments clean. Cover them 
when not in use or store them in a clean 
area. 

6. Avoid testing in hot areas around an 
engine as heat can burn or damage the 
meter connectors. 
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QUESTIONS — ELECTRICITY THEORY 

1. Electricity flows in a conductor in the 
direction of: 

(a) negative to neutral 

(b) negative to positive 

(c) positive to negative 

(d) positive to neutral 

2. Electricity rs a form of; 

(a) heat 

(b) light 

(c) energy 

(d) magnetism 

3. True or False? The term current means 
the flow of electrons through a con- 
ductor 

4. Briefly expleiin the term voltage, 

5. All conductors offer some resistance to 
the flow of current; the basic unit of 
resistance is the: 

(a) diode 

(b) thermistor 

(c) ampere 

(d) ohm 

6. List the three basic parts of an electrical 
circuit. 

7. Match the unit of electricity with the 
meter used to measure it. 

(a) Voltage (a) Ohmmeter 

(b) Current (b) Voltmeter 

(c) Resistance (c) Ammeter 

8. Use the formula for Ohms Law to 
calculate the current flow in a circuit that 
has 12 volts potential and a resistance of 
four ohms, 

9. Briefly describe a conductor 

10, Briefly explain the difference between a 
closed circuit and a short circuit. 

11, Current flow can be direct or alternating. 
All accessories used on automctive and 
heavy duty vehicles operate on 

current generally 

referred to as 

12, What does the term watt refer to and how 
is it determined? 



13, List the three types of electrical circuits. 

14, Parallel circuits are most commonly used 
in automotive and heavy duty vehi<^fes. 
Parallel circuits have: 

(a) high resistance low amperage 

(b) high resistance high amperage 

(c) low resistance high amperage 

(d) medium resistance medium am- 
perage 

15, The lines of force created around a bar 
magnet is referred to as ihe 

The law of magnetism 

states that 

16, What does a bar magnet and a wire con- 
ducting electricity have in common? 

17, An electromagnet is made by forming a 
conductor into a coil and passing a 
current of electricity through the coil. 
What is needed to complete this basic 
electromagnet? 

18, A common term for expressing the 
strength of an electromagnet found by 
multiplying the current flow times the 
number of turns in the coil is: 

(a) flux turns 

(b) current turns 

(c) magnetic turns 

(d) ampere turns 

19, What is the term used to describe 
voltage produced by a conductor cutting 
across lines of force? 

20, True or False? Current is induced when 
a conductor moves across a magnetic 
field but not when the field moves across 
the conductor. 

21, Match the following test instruments with 
the correct method of connecting them 
into a circuit; 

(a) Ohmmeter (a) connected in 

series 

(b) Ammeter (b) connected in 

parallel 

(c) Voltmeter (c) connected to a 

dead circuit 
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22. To avoid damaging test meters through 
reverse polarity the test leads are color 
coded for identification, Tlie standard 
combination is: 

{a) red for negative* yellow for positive 

(b) black for positive, greon for 
negative 

{c) red for negative, black for positive 
(d) red for positive* black for negative 

23. Wliat are the three factors that affect the 
strengtli of the induced voltage created 
by electrcmagnetic induction? 

24. Two adjacent conductors carrying 
Current in me same direction will tend to 
one another* 

25. Two adjacent conductors carrying 
Current in tlie opposite direction will tend 
to one another- 



122 



8:20 



BASIC ELECTRICITY 



LEAD ACtD STORAGE BATTERIES 

A battery stores energy for all the electrical 
circuits in a vehicle — the starting, charging, 
ignition, and accessory circuits. On demand 
the battery produces a flow of direct current 
to operate the electrical components in these 
circuits. Battery current is produced by 
c hemic at reaction between the active 
materials of the plates and the sulfuric acid in 
the battery fluid or electrolyte Electrolyte 
consists of 36% sulfuric acid and 64% water, 

BATTERY CONSTRUCTION 

A battery is made up of a number of individual 
cells in a hard rubber case. The basic units of 
e3Ch cell are positive and negative plates 
(Figure 8-39), Negatively charged plates have 
a lead surface, gray in color; the posjtive 
plates have a brown lead peroxide surface. 
Both negative and positive plates are welded 
together in separate groups. Plate gro»ios ar^ 
interconnected, as shown below. N i that 
there is one more plate in the negative gi. jp 
than in the positive, allowing negative plates 
to form the two outsides when the groups are 
interconnected 

Each plate in the interlaced plate group is 
kept apart from Us neightx)r by porous 
separators which allow a free flow of elec- 
trolyte around the active plates. The complete 
plate assembly is calted an element. 
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Elements in different cells are connected in 
series. The cells are separate from one 
another and so there is no flow of electrolyte 
between them. 

Batteries have negative and positive posts or 
terminals. The positive post is larger to help 
prevent the battery from being connected in 
reverse polarity. The positive terminal has a + 
marked on i.s topi and the negative post a 
Other possible identifying marks on or near 
the Posts are a "pos" and a "neg ". 

Conventional batteries have vent caps for 
each cell; these caps cover access hotes 
through which the electrolyte level can be 
checked and water added. The access holes 
also pro^'ide a vent for the escape of gases 
formed when the battery is charging. The new 
so called maintenance-free batteries have no 
vent caps. The electrolyte, for all practical 
purposes* is sealed in. There is however one 
small vent hole to allow any internal pressure 
to escaoe. 



Courtesy of John Deere Ltd. 




(8-39) CONSTRUCTION OF A STORAGE BATTERY 



123 



BASIC ELECTRICITY 



8:21 



Each cell in a storage battery has a potential 
of about two volts. Six-volt batteries contain 
three cells connected in series^ while i2-volt 
batteries have six celts in series. For higher 
voltages, combinations of batteries are con- 
nected in series, in Figure 8-40 two l2-voH 
batteries are combined to give 24 volts 





24 VOLTS 
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12 VOLTS 



(8-40) 

Courtesy of John Deere W 



Note that batteries of the same voltage can 
produce different amounts of current. The 
reason Jor this is that the amount of current a 
battery can produce is dependent on the num* 
ber and size of its plates. The more plates 
there are the more chemical reactions can 
tal^e place between the electrolyte and the 
piates and, therefore, a greater amount of 
current is produced. Thus, if two 12-volt bat- 
teries have a different number of plates, the 
one with the greater number wiil supply more 
current- 

BATTERY ELECTROLYTE 

The electrolyte in a fully charged battery is a 
concentrated solution of sulfuric acid in 
water- It has a specific gravity of about 1*270 
at 27X, which means it weighs 1.270 times 
more than water. The solution is about 36% 
sulfuric acid (H^O,) and 64% water (H,0), 

Battery water 

The purity of water for battery use has always 
been a controversial subject It ts a fact that 
water with impurities hurts the life and per- 
formance of a battery. The question is does 
the impure water harm it in a significant 
amount? The controversy can be simply 
resolved by saying that you don't have to use 
distilled water, but it is better for the battery if 
you do* 

BATTERY OPERATING CYCLES 

A battery has two operating cycles: 

— discharging cycle 

— charging cycle 



Discharging Cycle 

When a battery is supplying current, it is 
discharging. The chemical reactions in a 
discharging batf^rv are as follows: 

Positive F''*«i^3 are fri^de of lead peroxide 
{PbOzl Tf>c lead (Pbi re£.cts with the sulphate 
radical (SOJ in the electrolyte (HSO4) to form 
lead sulf&ia (PhSOJ. At the same time the 
oxygen (0^) in the lead rei:;»xide j Jins with the 
hydrogen (K' in the clec'^'^olyte to form water 

Negative Plates are made of lead. This lead 
also combines with the sulfate radicals in the 
electrolyte to form lead sulfate (PbSOj, These 
reactions are illustrated in Figure 8-41. 
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DISCHARGING 
(8-41) Courtesy of John Deere t-t<J 

In the discharging process^ then^ lead 
sulphate forms on both the positive and 
negative plates malting the two plates similar. 
These sulphate deposits account for the loss 
of cell voltage because voltage depends on 
the positive and negative plates being dif- 
ferent. As the battery progressively 
discharges more lead sulphate is formed at 
the plates and more water is formed in the 
electrolyte. 

Note that although the SO* radical leaves the 
electrolytei it never leaves the battery. 
Therefore^ never add any additional sulfuric 
acid (H»S04) to a battery. The extra SO4 would 
onty cause the battery to self discharge at a 
higher than normal rate. Water ^s the only sub- 
s:am ^ in a battery that has to be replaced. 

Charging Cycle 

The chemical reactions that take place in the 
battery cell during the charging cycle are 
essentially the reverse of those which occur 
during the discharging cycle: 

1, The sulphate radical leaves the plates and 
goes bacl^ to the electrolyte replenishing 
the strength of sulphuric acid. 
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2 Oxygen from the water in ihe discharged 
electrolyte joins with the lead at the 
positive plate to form lead peroxide. The 
chemical reactions during charging are 
illustrated in Figure 8-42. 




(8^42) 
Courtesy of John Deere ti6 

THE BATTERY AND THE 
CHARGING CIRCUIT 

Batteries operate in a charging circuit with a 
generator or alternator. The battery supplies 
current to circuits and becomes discharged. 
The generator or alternator sends current to 
the battery to recharge it. Operation of the 
charging circuit vanes with the engine speed. 
When the engines is shut off. the battery alone 
supplies current to the accessory circuits. At 
low speeds, both the battery and generator 
may supply current. At higher speeds, the 
generator may take over and supply enough 
current to operate the accessories and also 
recharge the battery. 

TYPES OF BATTERIES 

There are three types of batteries: 

— dry-charged 

— wet-Ciiarged 

— maintenance-free 

Dry-Charged Batteries 

A dry-charged battery contains futfy-charged 
elements, but it contains no electrolyte. Once 
activated with electrolyte it is essentially the 
same as a wet-charged battery. A dry-charged 
battery retains its full state of charge as long 
as moisture is not allowed to enter the cells If 
stored in a cool, dry place, this type of battery 
Will not lose part of its charge on the shelf 
prior to being used. 

Activating Dry-Charged Batteries 

The activation of a dry*charged battery is 
usually done at the warehouse where the bat- 
tery is purchased or in the field by a dealer. To 
make sure the correct electrolyte is used and 



the battery is properly activated » many 
manufacturers furnish a packaged electrolyte 
for their dry-charged batteries along with in- 
structions for activation. These instructions 
must be carefully followed. 

Wet-Charged Batteries 

Wet-charged batteries contain fully-charged 
elements and are titled with electrolyte at the 
factory. A wet-charged battery will not main* 
tain its state of charge during storagei and 
must be recharged periodically. During 
storage^ even though a battery is not in use* a 
slow reaction takes place between the elec- 
trolyte and the plates causing the battery to 
lose its charge. This reaction is called self- 
discharge. 

The rate at which self*discharge occurs varies 
directly with the temperature of the elec- 
trolyte. A fully charged battery stored at a tem- 
perature of 36^0 will be almost completely 
discharged after a storage period of 90 days 
The same battery stored at IS'^C will be onty 
slightly discharged after 90 days. 

Wet-charged batteries, therefore, should be 
stored tn the coolest place possible which 
doesn't allow the electrolyte to freeze. Note 
that a wet-battery which is kept fully charged 
will not freeze unless the temperature goes 
below -60 C. whereas a discharged battery 
with a specific gravity of 1.100 will freeze at 
-8C. 

Sulfated Wet-Charged Batteries 

Wet-charged c^^teries which are stored for 
long periods of time without recharging may 
be permanently damaged by the formation of 
hard dense tead sulfate crystals on the plates. 
To prevent these crystals from forming, wet- 
batterijes in storage should be brought to full 
charge every 30 days 

Comparison Of Wet and Dry-Chargsd 
Batteries 

In terms of storage, dry-charged batteries 
have a big advantage over wet-charged bat- 
teries because they require less maintenance. 
For this reason most parts supply places have 
stocked the dry-charged batteries. It now ap* 
pears however, that maintenance-free bat- 
teries with their sealed-in electrolytes are 
going to replace the conventional batteries 
and so parts suppliers won't have a choice. 
The maintenance-free batteries will have to 
be maintained in storage like the conventional 
wet type. 
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TEST Indicator 

^TERMINAL LOCATIONS ARE 
SHOWN IN FIGURE 5) 



FINGER GRIP 
HANDLES 



TEST 
INDICATOR 



TERMINALS 



wr r 
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Maintenance-Free Batteries 

in an effort to reduce battery maintenance, 
and to make batteries more dependable and 
last longer^ the "maintenance-free' battery 
has been developed. Indications are that 
these new batteries will mrke the con- 
ventional battery obsolete. A maintenance- 
free battery is similar tn shape to a con- 
ventional batlery but it has no filler caps. The 
electrolyte is completely sealed in. Note the 
terminals on the two maintenance-free bat- 
teries in Figure 8-43; one has stainless steel 
threaded tenninals and the other has sealed 
terminals located on the side of Ihe battery. 

Also note on these batteries the slate of 
charge indicator. To date this indicator is 
found only on Deico batteries. The indicator is 
a built-in hydrometer having a small green 
ball thai floats when the gravity of the elec- 
trolyte IS 1225 or higher. The indicator should 
not be used as a quick and easy way of telling 
if the battery is good or bad* charged or 
discharged. It must be read according lo con- 
ditions set down by the manufacturer 

Characteristics Of fVlaintenance'^Free 
Batteries 

1. Since the electrolyle is sealed in, the bat- 
tery has a life time supply of iL Thus the 



Courtesy cf DeIco DivtSion of 
General Motors Corporation 



battery level doesn I have to be checked 
and problems of over or und-^rfilfing the 
cells are eliminated. 

2. Gases are produced during the discharge 
and charging process The gases rise to 
the lop of the case, are trapped by Ihe 
liquid gas separator cool and condense, 
then drain back to the electrolyte reser- 
voir. Internal pressure that may occur is 
i-^l^as^tj through a small vent hole, the 
flame arrestor vent, in the side of the 
cover 

3. Maintenance-free batlenes have plate 
groups like conventional batteries, but the 
groups are constructed differently. 
Another difference is that the plates are 
enclosed m envelopes that act as the 
separators and also collect sediment as 
Ihe plates crumble with age {Figure 8-44). 
The envelopes are bonded together and 
permit the element to be placed on the 
bottom of the case. 1^^ contrast, the 
element m a conventional battery is raised 
in the case to give room for sediment lo 
collect and nol touch the plates. Having 
the element rest on the boltom of the tank 
allows considerably more electrolyte to 
cover the plates and thus battery ef- 
ficiency IS improved 
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STATE-OF-CHARGE INDICATOR 
HEAT-SEALED COVERS 
STAINLESS STEEL TERMINALS 
FINGER GRIPS 



LIQUID/GAS SEPARATOR 
PUTE STRAPS AND TERMINALS 

EXTRUSION-FUSION INTERCELL CONNECTION 
EPOXY-ANCHORED PUTE ELEMENT 
SEPARATOR ENVELOPE 



ELEMENT ON FLAT CASE BOTTOM 



Oeico Oivtsion of 
Genefal Motors CorPoranon 




CAPACITY RATINGS OF BATTEmES 

As was mentioned earHer. the factors in- 
fluencing battery capacity* i.e.* the amount of 
current a battery can produce* are the num- 
befn size and thickness of the plates and the 
quantity and strength of the electrolyte. New 
capacity ratings for batteries were adopted in 
1971 by the Society of Automotive Engineers 
(SaE) and the Battery Council International. 

Batteries are given two ratings: 

— cold power rating 

— reserve capacity 

Cold Power Rating 

Cold power rating gives the amount of power 
the battery has for starting on cold days; this 
rating is Ihe number of amperes the battery at 
-18 C (0 F.) can delrver over 30 seconds and 
not fall below a voltage of 1.2 volts per cell* 
the minimum voltage required for dependable 
starting. 

The cold power ratmg is the more important of 
the two ratings because it deals with the bat- 
tenesmain job. starting. Many low priced bat- 
teries can deliver only 200 amps: more power- 
ful batteries will deliver 525 amps under the 
same conditions The cold power rating of the 
battery should match the power requirements 
of the engine it has to start If an engine under 
cold conditions required 400 amps to start* ob- 
viously the cheaper battery delivering only 
200 amps would be ir^adequate. 



Reserve Capacity 

The reserve capacity rating gives * e number 
of minutes a new fully charged battery wilt 
deliver 25 amperes at 27'C while maintaining 
a voltage of 175 volts per cell Since 25 amps 
is the power drain required to keep ignition, 
lights and other electrical accessories going, 
what this rating indicates is how long the 
vehicle will operate J the generator or alter- 
nator fails. In other words* if the charging 
system of the machine breaks down* how 
many minutes do you have to seek help? 



VARIATION IN BATTERY EFFICIENCY 
OR TERMINAL VOLTAGE 

Battery voltage is not constant: a l2-volt bat- 
tery does not deliver l2-volts at all times. 
Three main factors affect the terminal voltage 
of a battery: 



temperature 

operating cycle 
discharging) 

state of charge 



{charging or 



Temperature 

A battery produces current by chemical reac- 
tions* by Sulfuric acid acting on the positive 
and negative plates. At lower temperatures 
the chemicals don't react as fast and 
therefore th*? battery has a lower voltage. The 
effect of temperature on terminal voltage is 
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illustrated in Figure 8-45. At 27 C a battery is 
100% efficient; it has full cranking power. At 
-39 C a battery is only 30% efficient. Since 
the engine is harder to turn over in cold tern- 
peratures. the net effect of temperature on 
starting is that as it gets colder the battery be- 
comes smaller while the engine becomes 
la rger 

Centigrade 



(8-45) 

HOW COLD W£ATH£R AFFECTS THE BATTERY 
AND THE ENGINE WHHN STARTING 

Courtesy ol John Deere Ltd 

Starting difficulties may occur during hot 
weather after a machine has been worked and 
the engine is hot Difficult hot starts are more 
common with large, high compression 
engrnes. An air conditioning unit is also a 
contributing factor. The point here is that you 
cannot use a lower capacity battery when a 
machine is workmg in a warm climate. The 
same size battery as the machine would have 
in a cold climate must be used. 

Operating Cycio {Charging cr Discharging) 

When a battery is being charged, its terminat 
vottage increases, the amount of increase 
depends on the charging rate. Note that 
regulators are required on charging systems 
to control the voltage increase so that the bat- 
tery IS not overcharged. When a battery is 
discharging, its terminal voltage decreases, 
the amount of decrease depends on the 
dtschargrng rate. 



State of Charge 

The higher a battery s state of charge (up to 
maximum charge), the greater is its terminal 
voltage. 

POINTS ON BATTERY USE 
AND REPLACEMENT 




to 



1 . When replacing batteries, be sure 
replace the battery with one at least equal 
in capacity to the original. 

2. A larger battery than the original may be 
needed if accessories such as an air con- 
ditioning unit are added to the vehicles 
electrical circuit. 

3. A high-output generator may be needed in 
cases where electrical loads are ex- 
cessive or where a vehicle operates 
mostly at idle speeds. This high-output 
generator will help keep the battery 
charged and increase its service life. 

*4. The cheapest battery is not always the 
best buy. For example^ three batteries in 
the same group size may vary in price* but 
they also vary in cold power rating* in con- 
struction and in warranty period. Divide 
the price by the months of warranty and 
you may find the most expensive batferies 
are really the cheapest per monfh of ex- 
pected service. 

5. A final word on replacing batteries: one 
out of every four batteries returned for 
warranty has nothing wrong with it except 
that it is discharged. Be sure to check 
whether a battery can be recharged 
before thinking about replacing it. 



PREVENTIVE MAINTENANCE ON 
BATTERIES 

Visual Inspection 

A battery shoufd be visually inspected during 
the daily-walk-around check, and also in- 
spected at any time that scheduled main- 
tenance IS done on the battery. Points to look 
for are: 

1. Inspect the battery case for cracks and 
leaks. A leaking battery should be 
replaced. Before putting in a new battery 
wash down the battery box with a solution 
of water and baking soda. 
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2 Inspect battory posts* clamps and cables 
for breakage. iooSe connections* 
corfosior;* 

3. Mote whether the top of the battery is 
clean and dry* Oirl and electrolyte on top 
of the baStsry causes excessive self- 
discharge. 

4 Nothing v/ill damage a battery quicker 
than allowing it to jump around. Be sure 
the battery carrier is solidly mounted and 
in good condition and that the hoid-down 
firmly grips the battery. Also look for any 
bolts protruding into the bottom of the bat- 
tery box. 

5' Inspect the battery for raised cell covers 
or a warped case, either of which may in- 
dicate the battery has been overheated or 
overcharged 
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Any problems found during the battery in- 
spection should be actended to immediately* If 
a battery case is damaged and leaks* the bat- 
tery will have to be replaced Before installing 
a new one* thoroughly wash the battery box 
with a solution of baking soda and water* This 
will neutralize any acid that has leaked from 
the battery. Simitarly. corroded battery cables 
should be removed from the battery and 
washed <n a baking soda solution, when 
reconnected they should be coated with an 
anti-corrosive agent such as a spray or a 
small amount of grease. Hold-downs that are 
loose or missing must be repaired. Also watch 
for bolts protruding In the bottom of the bat- 
tery box. Ptactng a thin sheet of plywood un- 
der the battery is always a good idea. 
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CtiKking and Addtns Watdr 

(This information wilt of course not apply to 
n^w maintenance-frde battdriesJ 

Of the four chemicals in a conventional bat- 
tery — lead, leadpdroxide, sulphuric acid and 
water — water is the one that has to be 
replenished. The usual recommended interval 
for checking a battdry is every 30 hours of 
operation or 1,000 miles. During warm 
weather, chdcks may be required more often. 
Evidence of large amounts of condensation 
on the top of thd battery and low electrolyte 
level can indicate an overcharging condition, 
tf this problem continues to occur, have the 
charging system checked 

Fill the battery with clean water, preferably 
distilled water In any case, avoid usinf? water 
that has a high mineral content as the rnindral 
will ultimately shorten the lifd of the battery. 
Fill only to the bottom of the fill hole; any 
higher will cause unnecessary spillage. Avoid 
spilling water on the battery top and use a 
paper towel to dry the top when completed. 
Figure 8*47 Shows two types of battery fillers. 





Rdmovtng, Cleaning and Installing Battdries 

When removing a battery or batteries, follow 
these recommendations: 

1, If multiple batteries are used, make a 
diagram of the circuit so that you can 
correctly reconnect the batteries, 

2, Disconnect the ground cable rirsti using a 
box wrench to loosen the terminal bolts. 
Use a terminal puller to remove the 
cables; do not hammer on the batiery 
posts When installing the batteryi con- 
nect the ground strap last, A terminal 
puller is shown in Figure 8-48. 



(8-48) 




TERMINAL PULLER 
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3. Remove the battery hold-downs and 
carefully lift the battery out. The method of 
lifting wilt depend on the location and size 
of the battery. For conventional batteries 
with lead posts, a carrying strap (Figure 8- 
49) IS th; safest method. 




STRAP CARRIER 
(8-49) 



Whatever the method of lifting out the bat- 
tery, be careful not to drop it because the 
case easily cracks. Try to keep the battery 
clear of your clothing since battery acid 
eats through cloth, 

4, Clean the battery with a solution of water 
and baking soda then dry it. Clean the 
terminals with a terminal brush or scrape 
them with a knife or screwdriver. Clean 
the cables in a similar fashion, 

5^ When installing the battery, use caution 
not to over tighten the hold-down as it 
could crack the case. It is a good practice 
to protect the bottom of the case with a 
thin piece of plywood, 

6, Make sure that the cables sit down on the 
posts (Figure 8-50), Coat the cables with 
an anti-corrosive agent such as grease or 
vaseline. Anti-corrosive sorays are also 
available. 



INCORRECT CORRECT 




CASE 
(8-50) 
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BATTERY QUESTIONS 

1. The current a battery will produce 
depends upon chemical reactions within 
the battery between the sulphuric acid 
and both the sponge lead in the negative 
plate, and the: 

(a) lead sulphate in the positive plate 

(b) lead acid compound in the positive 
plate 

(c) lead peroxide in the pof^Mive plate 

(d) lead zinc in the positive plate 

2. Basically what does the element tn a bat- 
tery cell consist of? 

3. When does this battery element become 
a cell? 

4. Each cell of a lead-acid battery is 
capable of producing approximately how 
much voltage? 

{a) 3 volts 

(b) 1 volt 

(c) 2.6 volts 

(d) 2 volts 

5. True or Faise? The positive post of a 
battery is the larger of the two. 

6. The electrolyte in a fully charged battery 
has a specific gravity at SO"F. of ap- 
proximately: 

(a) 1.380 

(b) 1160 
{c) 1.250 
{d) K270 

7. True or False? When a battery be- 
comes discharged the two plates be- 
come chemically similar thus accounting 
for the loss in cell voltage. 

8. When a battery is discharged the elec- 
trolyte has an increased percentage of. 

(a) sulphur 

(b) sulphuric acid 

(c) water 

(d) hydrogen 

9. Briefly state the advantage of a dry- 
charged battery over a wet-charged one. 

10. Is a maintenance-free battery dry or wet- 
charged"^ 



11. What provision is made within a main- 
tenance-free battery to permit the 
elements to be placed on the bottom of 
the case? 

12. What claims are made of maintenance- 
frae batteries? 

13. What three factors affect baltenes' ter- 
minal voltage? 

14. What are the two ratings given to bat- 
teries and briefly explain each. 

15. Ti\je or False? At lower temperatures 
battery chemicals react faster and 
therefore the battery has higher voltage. 

16. When selecting a battery, the cold power 
rating should match 



17. The presence of dirt and electrolyte on 
top of the battery causes excessive 



18. To neutralize spilled battery electrolyte 
(a necessary safety precaution) a 
mechanic should keep on hand a quan- 
tity of: 

(a) distilled water 

(b) baking soda 

(c) sulphuric acid 

(d) vaseline 

19. Of the four essential chemicals in a lead- 
acid battery which one has to be 
replenished occasionally? 

(aj lead 

(b) lead peroxide 

(c) sulphuric acid 

(d) water 

20. When removing a battf y you should 
first: 

(a) disconnect the insulated terminal 
cable 

(b) loosen the battery hold-down 

(c) disconnect the grounded terminal 
cable 

(d) drain the electrolyte 
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21. A good practice to prevent corrosion and 
bad connections when reinstalling bat- 
tery cables is to: 

(a) make sure they are clean and dry 

(b) make sure ihey are properly 
tightened 

(c) coat them with grease or vaseline 

(d) all of the above are necessary 
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BATTERY TESTING 

A battery must supply a flow of current and 
maintam a voltage Tests can be carried out 
that will tell if a battery is doing its job The 
tests for conventional batteries and the tests 
for maintenance*free batteries will be 
discussed separately. Four tests are used on 
conventional batteries; 

1, Hydrometer — for specific gravity. 

2, Load tester — capacity test. 

3. Light load test — individual cell voltage. 

4. Three minute fast charge test. 

The state of the battery must be considered 
when deciding what test to use. Questions 
such as these would be asked: was water ad- 
ded before testing? Is the battery charge par- 
tially down or js it completely dead"^ Not all of 
these tests are required to fully test a battery. 
Usually two tests will give a fair indication of 
the batterys condition. 

Hydrometer Test 

A battery hydrometer (Figure 8-5l) works on a 
principle similar to the antifreeze-testing 
hydrometer discussed earlie;. Electrolyte is 
drawr. into the hydrometer's sight glass and 
the float in the gtass rises to a level of specific 
gravity. This level indicates the strength of the 
battery s charge. Good hydrometers have a 
thermometer built into them to give a tem- 
perature correcting factor. Battery 
hydrometers, it should be pointed out. will not 
be used on the new man:*^'^^nce-free bat- 
tenes because the electiolyte in these bat- 
teries is sealed in. 



SQUEEZE BULB 




THERMOMETER 



(8-51) HYDROMETER 

Courtesy of John Deere lid 

Hydrometers a^e the most common battery 
tester found m shops. Although a hydrometer 
can give a fairly good indication of a battery's 
condition, the^ are not foolproof. For exampte. 
a battery could have a poor internal con- 
nection between the cells making It unable to 



produce a high current flow. Yet when tested 
with a hydrometer the battery could give a 
good specific gravity reading. Hydrometer 
readings on old batteries can also be decep- 
tive. The old battery could maintain an even 
specific gravity reading, say 1.235, but it may 
not be able to produce an adequate amount of 
cu rrenL 

Below are the procedures for making a 
specific gravity reading on a battery with a 
hydrometer. 

Caution: Always have a paper towel handy 
to hold over the end of the 
hydrometer when it is lifted from 
the cell. A paper towel is better 
than a rag because the towel will 
be discarded whereas the rag is 
likely to be left around or put into 
an overall pocket and the acid will 
quickly eat the cloth. Be very 
carefut not to spatter acid on your 
skin or worse still to get it in your 
eyes. If acid contacts the skin* 
rinse the contacted area with run- 
ning water for 10 to 15 minutes. If 
acid splashes into the eyes, force 
the lids open and ftood the eyes 
with running water for lO to 15 
minutes. Then see a doctor at 
once. Don't use any medication or 
eye drops unless prescribed by a 
doctor. 

Specific Gravity Test; 
6 and 12 Volt BatteH'^s 

Note: If water has been recently added to a 
battery, a hydrometer will not give an 
accurate reading of the battery s state 
of charge. 

1. Using a hydrometer remove enough elec- 
trolyte from one cell to allow the float to 
move freely without touching the top or 
bottom. Hotd the hydrometer vertically to 
prevent the float from touching the sides 
of the barrel. 

2. With your eye level with the float take the 
float reading and record it. 

3. Note the electrolyte temperature: 

If ihe battery temperature is not at 27 
add 4 points (.004) soecific gravtiy to the 
float reading for each 5^^ above 27 C. or 
subtract 4 points (.004) specific gravity 
from the float reading for each 5 below 
27". Most good hydrometers have a tem- 
perature corrected scafe. 
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Repeat the above test on all remaining 
cells. 

Note the amount of variation in the cell's 
specific gravities. 

Unless otherwise specified* all cell 
readings should be within 30 points (.030). 
If cell variation exceeds this amount* an 
unsatisfactory condition is indicated. Fur- 
ther tests should be performed. 

Standard Specific 
State of Gravity as Used in 

Charge Temperate Climates 



6, Determine the battery's state of charge by 
locating its specific gravity on the Per- 
centage of Charge Table below. 



Percentage of Charge Table 

Fully charged specific gravily varies in dif- 
ferent types of batteries. Typical values 
are given below: 



Specific Gravity in 
Cells Built with 
Extra Water Capacity 



Specific Gravity as 

Used in 
Tropical Climates 



Fully charged 
75% charged 
50% charged 
25% charged 
Discharged 



1,280 
1,250 
1,220 
1,190 
1,130 



1.150 



1.176 



1.200 



1.226 



1.250 



1.276 



1.300 



1.225 
1.195 
1.165 
1.135 
1.075 




(8-52) 
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Load Tester 

A load tester gives the iruesi picture of a bal- 
tery s condilion. If the specific gravity is 1225 
or belter a load lest (capacily test) can be 
done on ihe battery. If. however, the specific 
gravity is less than 1.225. then a light [oad tesi 
(a test of the individual cells) will have lo be 
used. Also, if water had to be added to the 
cells at the time of testing, use the light load 
tesi since you can t take the specific gravity 
and know that it is 1225 or better. Figure 8-53 
shows a lypical battery load lester or battery 
starter tester 





VOLTAGE 

SELECTOR 

SWITCH 




AMMETER LEADS 



VOLTMETER LEADS 



(8-53) 



LOAD CONTROL 
KNOB 



Coufiesy of Sun Electric Cofporation 
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Typical Load Test Procedures 

t. Connect the tester's ammeter and volt- 
meter leads as shown in Figure 8-54A. 




2. Turn Control Knob clockwise until the Am- 
meter reading is exactly three times the 
Ampere Hour Rating of the battery. (Exam- 
ple: 180 Amperes for a 6u AH battery.) 

3. Maintain the load for t5 seconds^ note the 
voltmeter reading* and then turn the Con- 
trol Knob back to OFF position. 

If the voltmeter reading was within the 
green band 9.6 volts for a t2 volt battery, 
or 4.8 volts for a 6 volt battery* or was 
higher the battery has good output 
capacity. Although the battery may pass 
the load test it may still require some 
charging to bring it up to peak per- 
formance. 

Note: When cold* a battery has a lower 
discharge capacity. If a cold bat- 
tery fails to pass the capacity test, 
let it stand until the battery tem- 
perature reaches 27''C, and then 
re test it. 



STEEL 
PROD 



Courtesy of Sun Electee CorPorat*on 



LIgtit Load Or Individual Cell 
Voltage Test 

A light load test is used rather than a load test 
if the specific gravity of the electrolyte is less 
than 1.225. This test is done with what are 
called battery cell probes which are attachtJ 
to the load tester voltmeter leads (Figure 8- 
54B) with the voltmeter set on the 4 volt scale* 
the voltage of each cell is tested and if a 
variance of more than *1 volt between in- 
dividual cells is found, the battery should be 
replaced. See the load tester instruction 
manual for light load testing procedures. 




(8-54B/ Courtesy o< Sun Eiectnc Corporation 
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Three Minute Fast Charge Test 

The three minule fast charge test is done on a 
very low or dead battery (one that has failed 
Ihe load test) and indicates whether the bat- 
lery will accept a charge. The three minute 
lest can be done with equipment found in 
most shops today — a fast charger and an ac* 
curate voltmeter. 

Note lhat performing the three minute test on 
a battery that has nearly a full charge will give 
an inaccurate reading^ Below are a voltmeter 
and a charger connected to a battery for a 
three minute fast charge test. 

Typical Procedures For A Three Minute Fast 
Charge 

1. Connect the voltmeter and the charger as 
shown below. 



2. Adjust the charging switch to obtain a 
charge rate as close as possible to 40 
amps, for a 12 volt battery, or 75 amps, for 
a 6 volt batlery, 

3, After three minutes* while the cha^^ger is 
still operating on fast charge* observe the 
voltmeter reading* If the reading is beyond 
the green band or exceeds 15*5 volts on a 
12 volt battery of 7,75 volts on a 6 volt bat- 
tery, the battery is sulphated or worn-oul 
and should be replaced. 




(8-55) Couf(esv of Sur^ Electric Corporatior^ 
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SUMMARY OF TESTING 
CONVENTIONAL BATTERIES 

1. Take Ihe specific gravity reading and note 
Ihe result. No more than .030 points be- 
tween celts IS acceptable. 

2- \i 1,225 or better* do a Capacity or Load 
lesL At Ihe end o' 15 seconds, the vollage 
should nol be less than 9,6 volts for a 12 
volt battery or 4.8 volts for a 6 volt batlery. 

If the battery passes these two tests, it is 
considered to be satisfactory for service, 
tf a battery fails the load test, do ^ three 
minute fast charge on it to see if it will 
take a charge 

3. If the specific gravity is less than 1,225 
and there is not more than ,030 volts be- 
tween cells* perform a light load test. If 
there IS a variation oi more than ,l votts 
between cells* the battery is defective, 

4. If the electrolyte is too low for a reading 
and water is added to the cells* perform a 
light load lest, 

5- If the battery is really low or dead, perform 
a three minute fast charge test on it. If the 
voltage does not exceed the maximum 
limit (see fast charge instruction manual), 
do a light toad test to finalize the 
diagnosis. If the voltage exceed*> the 
maximum limit in three mi,iutes* it usually 
indicates that the battery is sulphated or 
old. 
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TESTING MAINTENANCE-FREE BATTERIES 



Step 2: Remove Surface Charge 



Since the electrolyte is sealed into main- 
tenance-free batlerles* obviously a specific 
gravity test or a light load test can't be used. A 
load test, therefore* is the test used on main- 
tenance-free batteries. Below are testing 
procedures recommended by Deico for their 
maintenance-free batteries. 

Step 1: Test Indicator (Figure 8-S6) 

1. Green Dot Visible 

Proceed to Step 3. Note: On rare oc- 
casions* afler prolonged cranking* the 
green dot may still be visible- Should ihis 
occur charge battery as described in 
"Battery Charging Procedures*' section* 
then proceed to Step 2. 

2. Dark ^ Green Dot Not Visible 

Charge the battery as outlined under "Bat- 
tery Charging Procedures** section a.id 
proceed to Step 2. 

On rare occasions* the test indicator may turn 
light yeltow. tn this instance the battery 
should not be tested. Replace the battery. 



Connect 300-ampere load across terminals for 
15 seconds to remove surface charge from the 
baltery. If maintenance-free battery js *n 
vehicle* connect to terminals- If out of vehicle, 
attach load clamps lo adapter charging tool 
as shown (Figure 8-57). For Delco 1200* 
remove cables, attach load alligator clamps to 
contact lead pad as shown (Figure 8-58). 

INSULATOR STRAP 
PREVENTS TOOL SEPARATION 
AND LOSS WHEN NOT IN USE 




(8-57) 



ADAPTER CHARGING 
TOOL ATTACHED 
TO TERMINALS 

Courtesy of Delco Djvisiof^ oi 
General Motors Corporation 



BATTERY CHARGE 
OK, FLUID LEVEL OK: 

BATTERY TOP 



BATTERY CHARGE ' 
LOW, FLUID LEVEL OK: 

BATTERY TOP 



BATTERY CHARGE UNKNOWN, 
FLUID LEVEL LOW: 

BATTERY TOP 




Darkened Indicator 
WITH GREEN DOT 



Darkened Indicator 
NO GREEN DOT 



LIGHT OR BRIGHT 
INDICATOR, NO GREEN DOT 



CAN BE JUMP STARTED, 
TESTED OR CHARGED 



(8-56) 



•CHARGE MAY STILL BE SUFFICIENT TO START VEHICLE 



DO NOT JUMP START, 
TEST OR CHARGE 

Courtesy of Delco Division 
oi General Moiors Corporation 
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LEAD PAD (8,58) 
ALLIGATOR CLAMPS CONTACTING LEAD PAD FOR TESTING AND CHARGING DElCO 1200 BATTERY 

Counesy ol Deico DiviSiori o( 
General Motors Corporation 



Step 3: Load Test 

1 Connect voltmeter and specilied load across terminals. 



MODEL LOAD* MODEL LOAD* 



49-5 210 Amperes 85-4 130 Amperes 

55-5 180 Amperes 85^5 170 Amperes 

59-5 2lO Amperes 87-5 2lO Amperes 

71-5 230 Amperes 89-5 230 Amperes 

8i-5 230 Amperes 1200 235 Amperes 



* See "Ctiarging and Testing Adapters ' section 



2- Read voltage after 15 seconds wiiti load connected, then disconnecl load 

3. If mmimum voltage is 9,6* * or more^ baltery is good. 

4. If minimum voltage is less ttian 9.3* * , replace battery. 

* * Ttiis voltage is to be used for battery ambient temperatures of 70 F and above For tem- 
peratures below 70 F, use Itie following: 



(21 C) 
70 F & 
Above 


(16 C) 
60 F 


(10 C) 
50 F 


4C) 
40 F 


(-1 C) 
30 F 


(-7'C) 
20 F 


(-12 C) 
lO'F 


(-18C) 

O'F 


9.6 


9.5 


9.4 


9.3 


9.1 


8.9 


8.7 


8.5 
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QUESTIONS — BATTERY TESTING 

1. The chemical energy within a battery can 
be delermined by the use of: 

(a) a hydrometer 

(b) a voltmeter 

(c) an ammeter 

(d) an ohmmeter 

2. When testing the specific gravity of a 
battery, the allowable variation between 
cells should not exceed" 

(a) .060 

(b) .010 

(c) .300 

(d) 030 

3. A typical load or capacity test of al2-volt 
battery requires that 180 ampere load be 
applied for 15 seconds and that the 
voltage must not fall below: 

(a) 6-9 volts 

(b) 9.6 volts 

(c) 11-1 volts 

(d) 8 6 volts 

4 When domg a light load or individual cell 
voltage test, the allowable voltage dif- 
ference between cells should no! ex- 
ceed: 

(a) 1 volt 

(b) 5 volts 

(c) .01 volt 
Id) -25 volts 

6. True or False? A three minute fast 
charge must only be done on a low or 
dead battery and tells whether or not the 
battery will accept a charge. 

6. What IS the recommended lest for main- 
tenance-free batteries? 



142 



8:40 



BASIC ELECTRICITY 



CHARGING BATTERIES 

While an engine is running* the battery is 
charged by the generator. Eventually, 
however, the battery charge wears down and 
if not attended to it won't have enough power 
to start the engme. When a battery s state of 
charge is low. it should be recharged. The 
recharging can be dore while the bai.^ry is m 
the vehicle or it can be taken out. 

There are a number of different battery 
chargers, but they can be classified under two 
general types* 

Constant Current Chargers 

A constant current charger does just what its 
name implies supplies a constant or set 
amount of current to the battery. The recom- 
mended charging rate is 1 amp per positive 
battery plate per cell; e.g.. if a battery has five 
positive plates per cell, it should be charged 
at 5 amps. Most batteries that are slow 
charged with a constant current charger will 
take five to six amps 

Constant Voltaga Chargers 

A constant voltage charger supplies the bat- 
tery with a constant voltage during the 
charging period, for example. 15 volts ror a 12- 
volt battery. This charger will charge the bat- 
tery at a fairly high amperage when the bat- 
tery IS low. and then as the battery builds up 
charge the amperage tapers off. almost to 
nothing as the battery becomes fully charged 

Constant current are much more common 
than constant voltage chargers. 

Chargers can be either (1) slow chargeis. (2) 
fast charger or (3) trickle chargers, or they 
can be a combination of these. 

Stow chargers are used to completely 
recharge a dead battery: they can take up to 
48 hours. Fast chargers are used for a quick 
boost (from 1/4 hour to 1 hour) and won t do 
as complete a job as slow chargers. Some 
chargers have the dual capacity to provide 
either a fast or slow charge. 

Trickle chargers are used to keep a battery 
up to full charge. Ihey are especially good for 
batteries that are tittle used or for ^et charged 
batteries being stored 



CHARGING CONVENTIONAL BATTERIES 

Time IS usually the mam factor when deciding 
whether to fast charge or slow charge a bat- 
tery. Obviously. It s better to slow charge a 
battery because you get a moie thorough 
charging job (fast charging takes place only 
on the surface of the plates). However, you 
don t always have the tjme (24 to 48 hours) to 
do a slow charge, and in such cases fast 
charges have to be done. 

Slow Chargers 

Constant Current Chargers 

A sJow charger can be either constant current 
or constant voltage (constant current, 
however, js most common). The constant 
current charger in Figure S-59 is charging 
three 12-vott batteries connected in series. 




CONSTANT CURRENT SlOW CHARGER 

Courtesy of Jor>n Oeere LW 

Chargers have printed on them tne maximum 
number of batteries that they can charge, e.g.. 
five 12-volt batteries (total 60 volts) and ten 6- 
volt batteries (total 60 volts). 



The example shown would have the voltage 
control set at 36 volts (3 x 12). and the charge 
rate control set at approximately one amp per 
positive plate per cell, usually five to six amps. 
When there are a number of batteries of dif- 
ferent sizes on the charger, average out the 
charge •'ate. On some of the new chargers, 
you don t have to bother counting or 
averaging out the positive platas. These 
chargers have a yellow, green and red band 
on the charge rate indicator and recommend 
the control be set to stay in the green range. 



143 



BASIC ELECTRICITY 



8:41 



To connect a constant current charger slarl 
wilh Ihe black lead (negative) from the 
charger and conned it to the negative post of 
the first baltery Then take Ihe red positive 
lead from the charger and conned it lo the 
positive post of the last battery. Now using 
good jumpers, connect the batteries, positive 
to negative to complete the series circuit. 

Recheck all the connections by turning the 
connectors slightly on the posts. Finally turn 
the charger on and adjust it to the correct 
charge rate. 

The state of charge of a battery being 
charged should be checked with a 
hydrometer twice a day if possible. The total 
charging time wiL vary depending on the 
strengtfi of the charge to begin with, but at the 
end of 48 hours batteries should be fully 
charged If a battery becomes fully charged 
(i e . its specific gravity is 1,275 or over) before 
48 hours is up* remove it 

Constant Potential (Voltage) Chargers 

Constant potential chargers are connected to 
batteries in parallel as shown in Figure 8-60, 
The maximum number of batteries a charger 
can handle will be marked on the charger. 




Courtesy of John Deere Ltd 



(-) post of the first battery Then take the red 
lead (positive) from the charger and connect it 
to the positive (t) post of the first battery. Now 
using good jumper cables connect up the bat- 
tery's negative to negative and positive to 
positive. 

As with a constant current charger, check the 
specific gravities of the charging batteries 
twice a day and remove the batteries when 
they are fully charged. 

Fast Chargers 

Fast chargers will give a battery a high 
charge rate for a short period of time, usually 
no more than an hour. They are portable 
(Fjgure8-61) in contras! to slow chargers that 
are usually mounted on a wall or sit in the 
same position on a btnch. Portable fast- 
chargers can charge a battery while it is in 
the vehicle. Generallyi only one battery at a 
time is charged on a fast charger. Note that 
many modern fast chargers have a capacity to 
slow charge a battery as well 




(8-61) 



Courtesy ol John Deere 1x6 



The voltage control is set at a specified 
voltage, e.g., 15 volts for a l2-volt battery. The 
charge rate is automatically sensed by the 
charger: the rate will be high when the 
discharged battery Is first connected to the 
charger and will gradually taper r :f as the bat- 
tery becomes fully charged. 

When connecting up batteries in parallel to a 
constant voltage charger* start with the black 
lead (negative) and connect it to the negative 
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POINTS TO WATCH FOR WHEN 
FAST CHARGING 

1 . Whenever a battary is charged, 
especially fast charged, never allow the 
electrolyte to exceed 51 C (125 F), 
Overheating, in effect overcharging, can 
drastically shorten the life of a battery. 
The temperature on conventional bat- 
teries can be taken with the hydrometer 
thermometer. The rubber case of main- 
tenance^free batteries will be hot to the 
touch when the electrolyte reaches 51 C, 

2^ Watch the color of the electrolyte when 
fast charging batteries. As a battery ages 
the electrolyte will become discolored by 
sediment. During a fast charge the 
sediment is stirred up and could get trap- 
ped between the plates, causing a short. 
If such a short occurs lower the charge 
rate. 



SUMMARY OF GOOD PRACTICES 
WHEN CHARGING BATTERIES 

1 . Before connecting conventional bat- 
teries to a charger make sure: 

(a) the battery tops are clean 

(b) the electrolyte is up to the correct 
level 

(c) the caps are loosened or removed to 
allow the gases formed during 
charging to escape, 

2 All chargers, slow or fast, need 110 volts 
alternating current supply. 

3 Always make sure a charger is turned off 
when connecting It to a battery. Also 
when charging a battery while It is in the 
vehicle, turn off all electrical ac- 
cessories, 

4, Disconnect the battery cable before fast 
charging the battery m the machine. This 
IS especially important with AC charging 
systems where tho alternator can be 
damaged, 

5 WJien cc.mectrng anv charger* observe 
the correct polar'ty — negative to 
negative and positive to positive. Most 
chargers today are polarity protected, 

6 Make sure connections are solid before 
turnmg o^* the chaiger. 



7, Charger settings: 
Voltages; 

(a) on a constant slow charger set the 
voltage to match the number of volts 
in the battertes you are charging, 

(b) on a constant potential charger set 
the voltage for a 12-volt or 6'volt 
battery(ie3), 

(c) on a fast charger set the voltage for 
a 12-volt or 6-volt battery. 

Amperage: 

(a) on constant current slow charger 
set amperage to one amp per 
positive plate per cell (usually five 
to six amps); or if the charger has a 
color indicator set it in the green 
band, 

(b) on a constant potential charger 
there is no current setting, 

(c) on a fast charger set the amperage 
to either a high or low setting, 

8, Charging Time; 

(a) When slow charging a battery do a 
specific gravity check twice a day to 
see if the battery is fully charged. 
Do not go on charging a fully 
charged battery, 

(b) Set the fast charge time 1/4 hour to 
1 hour. Watch that the battery does 
not overheat, 

9, Always turn the charger off before 
disconnecting it to prevent any sparks 
from accidentally igniting explosive 
hydrogen gases given off during 
charging. 
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(8-62) —Sparks or Hatnes near a hattery that is being charged may ignite explosive 
gases causing a dangerous explosion. 

CouHesy of Deico Division of 
General Motors Corporation 

10. Never charge a battery in a place where 
there maybe any chance of sparks, e.g.. 
in any area where welding or grinding is 
done (Figure 8-6?). 

11. Check with the hydrometer thermomr^ter 
to see thai the electrolyte does not ex- 
ceed 51 ''C- On mamtenance-free bat- 
teries touch the battery case to see that 
it is not hot. 

12. Recheck the electrolyte level on com- 
pletion of the charge. 
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CHARGING MAINTENANCE'FREE 
BATTERIES 

Maintenance-free batleries are charged with 
conventional battery charging equipment. 
One manufacturer's recommendations for 
charging their maintenance^free batteries are 
given m Figure 8-63, Note the difference in 
charging times compared with conventional 
batteries the slow charging rate for main- 
tenance-free batteries is less than that for 
conventional batteries, and vice versa the fast 
charging rate is longer. 



12 VOLT MAINTENANCE-FREE BATTERY CHARGING GUIDE (Deico) 

00 NOT CHARGE A BATTERY IF THE GREEN DOT IS VISIBLE 

NOTE On rare occasions following prolonged cranking, *he green dot may still be 
visible Should this occur, a boc '^harge of 20 ampere-hours is recom- 
mended 

00 NOT CHARGE A BATTERY IF THE TEST TsfOICATOR IS LIGHT VELLaV, 
DISREGARD IT 



(Stop charging when the green dot appears or 
when the maximum charge shown below is reached) 



Constant Current 

Battery Model Slow Charging Rate Fast Charging Rate 

55-5, 85-4, 85-5 5A n 10 Hours 20A @ SVj Hours 

lOA @ 5 Hours 30A @ Vh Hours 



49*5; 59-5 5A (? 15 HotirS 20A t 3^4 Hours 

71*5. 81*5 lOA '(if 7V4 Hour?^ 30A 2% Hours 

87-5. 89*5: 1200 40A <l 2 Kours 

50A -W 1*/4 Hours 



To avoid DAMAGE, the charging rate must be reduced or temporarily halted if 

1 The battery case feels hoi (51 C), 

2 Violent gassing or spewing of electrolyte occurs. 

After charging in accordance with the tables, even though the green dol does no^ 
appear, the battery is still sufficiently charged for testing. 



(8-63) 
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JUMPER CABLES 

When a charger is nol available* a common 
practice to start a vehicle with a dead battery 
IS to use lumper cabtes and a battery pack. 

Good Practices When Jumping 

1 Belore connecting jumper cables be sure 
all tne electrical accessories, lights* radio, 
wipers* etc. are off. 

2. Observe voltage when jumping- Jump a 6- 
volt battery with a 6-volt battery, not a 12- 
vott as arcing (electricity jumping across 
a gap) coutd occur, bringmg with it the 
danger of ftre. 

3- Observe polarity when jumping- Connect 
the jumper cabtes negative to negative 
and positive to positive (since you are just 
replacing the existing power source). 
Connect the cables in this order: 

(a) connect One cable clamp to the 
positive terminal of the dead battery 
and ihen connect ihe other end to the 
positive terminal of the booster bat- 
tery. 

(b) co*-inect the second clamp lo ihe 
negative termiraal of ihe dead battery 
and then con.^ect the other end to the 
negative terminal of the booster bat- 
tery. Wrong polarity wiU cause arc- 
ing. 

A. When removing th-^^ cables be sure to 
keep the clamps separated until they are 
disconnected from the source. iJ they get 
too close arcing could occur 

5. Never use a fast cnarger as a booster to 
start an engine. 

6 Maintenance-free battenes havo jumping 
procedures Inat can dtffer from jumping a 
conventionai battery. Check Ihe marulac- 
turer's recommendations. 

7. Use the shortest cables po^sibl*^ because 
the longer the cables ine more the voltage 
drOfrS. 

8. Maintain good clamps on the jump'^rs lo 
(ensure the best possible connection wilh 
a minimum voltage drop. 
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QUESTIONS — BATTERY CHARGING 

1 The recommended slow charging rate for 
a battery is one amp per positive plate 
per cell If you have a 15 plale 6-volt bat- 
tery, i.e., 15 plales per cell, what would 
be ihe correct charge rale? 

(a) 15 amps 

(b) 7 amps 

(c) 8 amps 

(d) 45 amps 

2 Which does a better )ob ol charging a 
battery, a fast charger or a slow charger? 
Briefly explain why 

3 Wt. slow charging batteries on a con- 
stant current charger conned the bat- 
teries tn 

(a) parallel 

(b) series 

(c) series or parallel 

4 What are the two important thmgs to 
watch for when fast charging a battery? 

5 Care must be taken while working near 
batteries that arp charging because a 

spark couid explode the 

gases being given olf from the charging 
process 

(a) nitrogen 

(b) hydrogen 

(c) carbon dioxide 

(d) helium 

6 True or False? Overcharging a battery 
doesn't hurt it. 

7 When fast charging a battery in a vehicle 
with an AC charging system, it is a good 
practice to 

(a) remove the fan belt 

(b) keep the charge rate low 

(c) disconnect a battery cable 

(d) disconnect the voltage regulator 



8 Compared to a conventional battery, a 
maintenance-free battery when fast 
charged requires- 

(a) a longer charge 

(b) a shorter charge 

(c) about the same 

(d) a very low charge 

9 A charger should be turned 

before connecting it to a battery. 

10. True or False? When boosting with jum- 
per cables doubling the voltage of the 
boosted battery is permissible provided 
that the polarity is the same and the 
cables are quickly removed after the 
boost is given. 
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BASIC STARTING CIRCUIT 



A basic starting circuit has four parts (Figure 
8-64): 

1. The Battery supplies energy for the cir- 
cuit. 

2. The Starter Switch activates the circuit. 

3. The Starting Motor Switch connects the 
battery to the starter motor and in some 
cases engages the motor drive with ihe 
engine flywheel 

4. The Starting Motor drives the flywheel to 
start the engine. 




(8-64) BASIC STARTING CIRCUIT 




The starting crrcu»t converts battery electrical 
energy into starting motor mechanical energy 
to crank the engine. How 6o the four basic 
parts c! ihe starting circuit work together to 
start a vehicle? When the starter key is turned 
on by the operator, a small amount of elec- 
trical energy flows from the battery to the 
solenoid and back to the battery through the 
ground circuit (Figure 8-65) 



KCr SWITCH 



Couriesy o( John Deere Hd 

The current received by the solenoid moves 
the solenoid plunger and engages the pinion 
with the flywheel {Figure 8-66) 





STARTrWG MOTOR 



{8-66) 



Counosy o( jonn DeofO Ltd 



X izoo 



GROUKD 



{8-65) Couftesy of Jonn Deefe 
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The plunger also closes the switch inside the 
solenoid between the battery and starting 
motor completing the circuit and allowing a 
large amount of electrical energy to How jnto 
the starting motor The starting motor rotater^ 
the pinion which in turn rotates the flywheel to 
crank the engine (Figure 8-67). 




STARTING rtOTOR 



(8-67) STARTING CiRCUlT IW OPERATION 
3) STARTING MOTOR CRANKS ENGINE 
Couriesy of John Oeore Lid 

In the basic starting circuit above a solenoid 
switch was used. There are other types of 
starting motor switches which will be 
discussed later. 

THE STARTING MOTOR 

The starting motor cranks the engine. Per- 
forming this heavy job requires a special type 
of electrical motor that must: 

1- Operate for short intervals under great 
overload. 

2. Produce very high horsepower for its size. 

To give the princ;iples ol 3 starting motor a 
basic electric motor is constructed below; 
First starl with two pole pieces. The poles set 
up a magnetic field between them running in 
a direction Irom north tf^ south (Fif ire 8-68), 

POLE PlEC"^ 

(8-68) 




MAGNETIC 
FIELD 



To increase the strength o\ Ihe magnetic field 
between the pole pieces* wrap a wire over the 
poles and pass a current through it. This wire 
IS called a field winding (Figj ^^e 8-69), 




FIELD WltlDlMO 

Counesy o* Jonn Deere 

Now take a loop of wire and pass a current 
through it A circular magnetic field is lormed 
around the wire. Note the direction ol the 
electromagnetic held (Figure 8-70). 




CURRENT 

FROM 
BATTERY 




(8-70) MAGNETIC FIELO 

Coujtesy of Jonn Deere Ltd 



Placi^ the loop oiwire in the magnetr field be- 
twp€;n the pole pieces and pass a current 
through the wire (Figure 8-71), 




(8^71) 

Covfftesy of Jorm OecvO Ltd 



Coories/ Ol John Deere ttd 



BASIC ELECTRICITY 



8:49 



Recall from the ear/ier dtscdssion on elec- 
tro magnetic *sm the p^^mciple that a current 
carrying w^re ^ith its surroundrng magnetic 
fieid has a tendency to tno^e from a strong to 
a weak magnetic field Look at the field pat- 
terns when Ihe loop cuts through the 
mac^'netic field (f^igure 8-72) 




OlR£CTiON OF CURRCNT 

Lefthand side of loop: The lines of force of 
the loop run in a circular pattern, coun- 
terclockwise The polar lines of force run m a 
straight-lme from north to south On Ihe un- 
derside of the loop, the loop tines of force run 
the same way as the polar lines of force 
Creating a strong combined lorce However 
on the fop side of the loop, the loop fines of 
force run counter to or agamsl the polar lines 
of forcen cancelling each other out and 
Creating a weak field 

Now applying the principle that the wire will 
move from a strong to a weak f^eld. Ihe foop is 
pushed upwards 

Righthand side of loop: The opposite ol the 
lefthand sido occurs by looking at the lines of 
lorce you can see that a strong field rs 
created on top of the loop and a weak field 
underneath it Th' s the loop gets a pull down- 
wards 

Since the loop is pushed upwards on the lelt- 
nand side and pulled downwards on the right- 
nand side, it moves This loop represents a 
simple armature Note that li the direction of 
the current was changed in the loop, the loop 
would move in the opposite direction 



So far the loop (armature) has moved But it 
must do more than moven it must rotate Here s 
where the commutator and the brushes come 
m (Figure 8-73) Attached to each end of the 
loop IS a split ring half. These half rings are 
the commutator Resling against these rmgi 
are two blocks of copper compound called 
brushes The brushes are connected to Ihe 
battery 




BRUSHES 
(8-73) 

Current comes from the battery to the brushes 
via Ihe field winding. The brush on the left- 
hand side passes current to a commutator half 
ring and the current travels through the loop 
out the other commutator split ring, to the 
other brush and back to the battery. As the 
loop begins to move each brush slides on a 
commutator half ring. When the loop reaches 
the topof Its circle, the brushes will slide from 
one half ring to the other Thus, the current 
will always enter on the left side and exit on 
the right, and the loop will keep getting its 
push upwards on the lefthand side and push 
downwarason the righthand side. The result: 
the loop keeps rotating in the same direction. 
(Note that this explains why the commutator 
ring ts spht. rf it wasn t split the loop would 
get pushed first one way and then the other, 
and it wouldn't rotate.) 
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An actual starting motor will have not one. but 
a number of loops* and each loop will be ?.t- 
tached to a section of the commutator ring 
(Figure 8-74) 



COMMUTATOR 




BRUSHES 



(8-74) ARMATURE FOR STARTING MOTOR 
Cotjfiesy o( Jonn Deere Ltd 

In summary* a starting motor has pole pieces 
and field windings, an armature, brushes and 
commutator, and a drive shaft to carry the 
rotary motron to the pinion and flywheel 
(Figure 8-75) 



BRUSHES 




POLE 
PIECES 



SHAFT 

COMMUTATOR 



FIELD WINDINGS 

ARMATURE - Ar.- 

(8-75) ARMATURE AND BRUSHES IN 
STARTING MOTOR 

Cour(esv ot John Deere Hd 

SWITCHES FOR STARTING MOTORS 

Starting motors must be switched on to start 
an engine, but must be immediately switched 
off once the engine starts Four types of start- 
ing motor switches are used 

manual switch 
magnetic switch 
solenoid switch 
- senes-parallel switch 



Manual Switch 

A manual switch (Figure 8-76) is a simple 
hand-operated device that opens or closes a 
circuit Everytime you flick a light switch in a 
room you are operating a manual switch. 




(876) A MANUAL SWITCH 

Coufiesv of Jonn Deere Ltd 

The manually operated starting switch may be 
mounted where it is directly accessible to the 
operator, or it may be mounted on the starting 
motor and made accessible by various 
devices such as a hond lever 

Magnetic Switches 

A review of electromagnetism is necessary to 
understand a magnetic switch and a solenoid 
switch A current carrying coiL you remember. 
.SdS :u fii^onetic field 

"he electromagnetic field is made stronger by 
placing a soft iron core in the coil: the core 
h:is the same poianty as the coil If the core 
has freedom to move and is placed at one end 
of ti;e coiL It will also assume the polarity of 
the C0:l (Figure 8-77) 

"•"Jf-*' 

(8-77) 

Counesy ol John Deere Ltd 
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Tnerefore. the adjacent poles of the core and 
coil have opposite poianty* and ihe core will 
be drawn inlo the center of the coil when 
current flov^fs through it As soon as the 
current stops flowing (he held collapses and 
the core is free to move away from the coil. 
Tms movement ol tne core in and out of the 
cott IS tne principle of operation of the 
magnetic and solenoid switches 

Tne magnetic switcn is mounted on ihe 
starting motor frame like some manual swit- 
ones H IS operated by a magnetic coil that is 
connected to the battery through a start con- 
trol jn Ihe starter switch 



STARTER SWITCH 

MAGNETIC 
SWITCH 



STARTER CONTROL SWITCH 



WINDING 



PLUNGER 



MAGNETIC 
SWITCH 



RETURN 





BENDIX DRIVE 



X U7$ 



(8-78) MAGNETIC SWITCH CIRCUIT 

Courtesy of Jonn Oeere Lid 



The magnetic switch works as follows: the 
switch (Figure 8-79) has many turns of a small 
wire wound around a hollow cere. Floating in 
the core is a plunger with one end acting as a 
contact between the two main switch ter- 
minals. These terminals are connected in 
series with the starting motor. Usually a small 
spring holds the plunger away from the main 
terminal contacts. 

When the circuit to the coil is closed^ a strong 
magnetic field is created in the core, causing 
the plunger to overcome the spring tension 
and complete the circuit between the terminal 
contacts. When the core contacts the ter- 
minals the main circuit to the starting motor 
\s completed and the engine is turned over. 
When the engine starts and the control circuit 
IS opened at the starter switch, the magnetic 
held collapses and the spring forces the 
plunger to its original position. The starting 
motor circuit is open and the starting motor 
stops turning 



STARTING MOTOR 

TO BATTERIES 



(8-79) A TYPICAL MAGNCTlC SW;TCH CIRCUIT 
Courtesy ol Jonn Oeete Ltd 

Solenoid Switch 

The solenoid switch (Figure 8-80) is very 
similar to a magnetic switch, but in addition to 
closing thfj circuit, the solenoid provides a 
mechanical means of shiJtmg (he starting 
motor pinion into mesh with the ffywheel ring 
gear 

RETURN SPRING 




PINION 



{8-80) SOLENOID SHIFT LEVER 

Courlf>f>y ol Jonn Oecro Ltd 
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The solenoid switch has two coils ol wire 
wound in the same direction (Fjgure 8-81) 
The pull'in winding is made up of heavy wire 
connected to the nfiotor terminal of the 
solenoid and through the motor to ground 
The hold-in winding has an equal number of 
turns of fine Mre with one end connected to 
the ground These cojIs are energized directly 
from the battery through the start position on 
the siarter switch 



KOLD-IN 



PULL-IN 
WINDIKG 



cohtrol Switch 



SOLENOID 
PLUNGER 
SHIFT LEvER 



f 

Ex 




L^ 

Overrunning" Tl'L 

CLUTCH it STARTING MOTOR 
' . ^ TD BATTERY 

(8'8l) SOLENOID CIRCUIT 

Coiinesy of John Deere Ltd 

When the operator turns the starter switch, 
current flows to the starter solenoid Since the 
solenoid coils are wound in the same direc- 
tion, current flows in ihe same directloa 
creating a strong magnetic field which pulls 
the plunger into the field (Figure 8-82). 



KEY SWITCH 



MAGNETIC FIELD 
± 




PLUNGER ~ 

WINUINGS 

(8-82) SOLENOID PLUNGER STARTING TO MOVE 
AS STARTER SWITCH tS TURNED ON 

Courtesy o\ John Oeef© L(d 



The initial plunger movement engages the 
drive pinion with the flywheel ring gear Fur- 
ther movement of the plunger closes the 
switch contact points within the solenoid* per- 
mitting a heavy flow of current from the bat- 
tery into the starting motor to crank ihe 
engine Note that this heavy flow of current 
does not enter the solenoid. When the points 
within the solenoid close the heavy pull in 
winding is shorted out. Thus the only current 
in the solenoid during the starting period is in 
the fine hold-in winding. 

When the engine begins to run and the starter 
switch is reteased several things happen 
quickly First, current through the starter 
switch to the solenoid is cut off. Then a strong 
return spring pushes out the solenoid plunger 
breaking the circuit from the battery to the 
starting motor and simultaneously pulling the 
pinion out of mesh with the flywheel ring gear. 

Series Parallel Switch 

Some heavy duty engines, especially diesets. 
require a high voltage to start Cold weather 
and other adverse starting conditions con- 
tribute to the need for the high starting 
voltage. 

A high output starting motor on a 12-volt cir- 
cuit is adequate to start some large engines. 
Other heavy duty engines however, require 
starting motors that wilt use two 12-volt bat- 
teries for a total of 24 volts. Sy using a 24-volt 
battery supply, these hjgh volt motors can 
produce much greater starting speeds. 

The problem with this high voltage circuit is 
that although the 24-volts is needed for start- 
ing. 12-volts is adequate for electrical ac- 
cessories once the engine is going A series- 
parallel switch solves this problem. When the 
two batteries are needed for starting, they are 
connected in series to deliver the 24-volts to 
the starting motor. Once the engine is started 
the circuit is connected m parallel so that onty 
one battery is used for normal electrical 
operations 
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(Figure 8-63) shows a series-parallel switch 
for a 24-volt startmg circuit. 



REGULATOR {T 2' VOLT^ 



GENERATOR 
:i2 vOLT) 




TO LIGHTS 
AMO ACCESSORIES 



160TH BATTERIES) i2.V0LT 
BATTERV 



starting 
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SERI 



SOLENOID 
SWITCH 
AN*METEH^^^2d VOLT/ 
BAT Bi AjJ 




STARTING MOTOR (24 VOLT^ 

(8-83) SERIES'PARALLEL SWITCH FOR 24-VOLT 
STARTING MOTOR OPERATION 

Courtesy o( Jonn Deere li<j 

Operation dunng startmg is as follows 

As the starting switch is closed, the solenoid 
coil wiihin the series-parallel switch is 
energized creating a magnetic force which at- 
tracts the series-parallel switch plunger The 
plunger closes the two mam switch terminals 
and connects the two batteries m series with 
the starting motor 

At the same time, the startmg motor solenoid 
circuit IS completed by a set of points 
mechanically ctosed by the senes-paratfel 
switch plunger The battery-to-startmg motor 
Circuit IS completed and the starter turns over 

After Jhe engine is started and the startmg 
switch IS released, the two batteries become 
connected in parallel when the series-parallel 
Switch goes into a neutral position This cir- 
cuit permits operation of the machines elec- 
tncal equipment at a normal system voltage of 
12-volts A more detailed description of the 
series-parallel starter switch and circuit will 
be given in future tratnmg 



STARTING MOTOR DRIVES 

After electrical power is trar ^mitted from the 
battery through a switch to the starting motor, 
some lype of connection is needed to put this 
energy to work. The last link in the starting 
circuit IS the starting motor drive. The drive 
makes it possible to use the mechanical 
energy produced by the starting motor. 

The starting motor armature revolves at a hjgh 
speed to produce turning power Since the 
turnmg speed required to start an engine is 
comparatively slow, the starting motor is 
equipped with a small drive pinion which 
meshes with the teeth of the flywheel ring 
gear. The result is a gear reduction with Ihe 
armature revolving as much as twenty times 
for every revolution of the flywheel. Thus the 
starting motor can develop high armature 
speeds and considerable power while turning 
the engine over at a lower speed* When the 
engine starts it speeds up immediately and 
may soon reach 2000 RPM. Two thousand 
RPM's at the flywheel would mean twenty 
times that much at Ihe starting motor pinion 
Such a terrific speed would destroy the ar- 
mature, and so a method is necessary to 
demesh the pmion from the flywheel once the 
engine starts. Starter drives, therefore must 
have the capacity to both mesh and demesh 
the pinion with the flywheel ring gear 

Types Of Starter Drives 

There are many different starter drives, but 
they all can be classified under two basic 
types according to the way they are engaged 

1 Inertia drive 

2 Clutch drive 

fnertia Drives have a pinion gear that is 
weighted on one side to aid in meshing and 
demeshing wilh the flywheel A Bendix dr.ve 
is an example of an inertia drive. 

Clutch Drives are shifted into mesh by 
solenoid switches Two examptes of ctutch 
drives are Overrunning and Sprag clutch 
drives Note that there is a direct relationship 
between starter drives and starter switches 
Inertia drives use straight magnetic switches, 
while clutch drives use solenoid switches 
which have a shiftmg mechanism 
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Inertia Drives 
Sendix Drive 

The Bendix drive uses both the acceleration 
of the armature and centrifugal force acting 
on the counter weighted pinron to move the 
pinion into mesh with the flywheel Before the 
tgnition switcn is turned on. the BendiX drive 
ts out of mesh with the flywheel nng gear 
(Figure SSA) 

ARMATURE SHAFT 

DRIVE PINION 




(8-84) 

BENOiX Drive ENGAGING FLYWHGEL AS 
ENGINE IS CRAMKED 

When the starting switch is closed and the 
baUe<7 voltage is fed to the motor tne ar- 
mature Shalt accelerates rapidly The pmion 
gear due to centrifugal lorce acting on the 
counter-weight, runs forward on the revolving 
screw sleeve until it meets or meshes wJlh the 
llywheel gear (Figure 8-85). 




SPRING 



(8-85) BEJ4DIX DRIVE PINION FULLY MEShED 



When the pinion becomes fully meshed, its 
forward motion stops, locking the pinion to 
the rotating armature shaft The heavy spring 
cushions the shock to the armature shaft, as 
the shaft starts to turn the flywheel This 
sprmg also acts as a cushion when crankmg 
the engine and when the engine backfires 

When the engine starts, the flywheel rotates 
faster than ^.he armature shaft, causing the 
pinion to turn in the opposite direction on the 
screw and spin itself out of mesh (Figure 8- 
86) Thus the engine is prevented from driving 
the starting motor at an excessive speed. 
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(8-86) BENDIX DRIVE PINION SPINNING OUT 
OF MESH AFTER ENGINE STARTS 

Coofiesy ol Jonn Df;CfO Lt<J 

When spi^n from the flywheel the centrifugal 
effect of the weight on one side of the pinion, 
holds the pinion to the sleeve tn an in- 
termedtate position until the starting switch is 
opened and the motor armature comes to rest. 
As long as the operator keeps the starting 
motor Switched on with the engine running, 
the starting motor will free speed in the in- 
termediate position This free speeding is not 
good for the armature and is the reason that 
the starter switch should be released im- 
mediately after the engine has started 

Certain precautions must be observed m 
operating a 6endix-type starting motor If the 
engine backfires with the pinion meshed with 
the engine flywheel and the starting motor is 
operating, a terrific stress is placed on the 
parts The stress occurs because the motor 
armature attempts to spin the drive pinion in 
one direction while the engine, having back- 
fired, turns the drive pinion in the opposite 
direction This clash o* opposing forces 
sometimes breaks or wraps up the Bendix 
spring 

Engine ignit '^n timing should be checked and 
correcfed to overcome backfiring 
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Anolher pfoblem wilh a Bendix drive can oc- 
cur during repeated aUempls to start an 
engine When the engine is coming to rest it 
often roct^s back, or rotates m reverse, for part 
of a revolution If the operator attempts to re- 
engage the drive pinion at the instant the 
engine is rockmg back, the drive housing or 
the Bendix spring may be damaged 

To prevent such damage, the operator should 
always wait at least five seconds between at- 
tempts to crank so that the engine stops turn- 
ing 

Variations In Bendix DrK'es 

1 The foto-thru starter drive (Figu<^^ 8-87) 
incorporates some designs into the stan- 
dard Bendix ditve that overcome the 
problems with the Bendix mentioned 
above A folo-thru has a detent pin which 
locks the drive in the cranking position to 
. prevent disengagement on false starts. 
This pin is thrown out by centrifugal force 
when the engine runs and the pinion then 
disengages 




DRIVE HEAD 



Couriesy o< Deico Divi&ion ot 
Generol wo;or& CorporaiiOft 

Another protective feature of the folo-thru 
drive IS the dentil clutch, a precision made 
one way clutch which drives in one direc- 
tion and slips m the other Since the shaft 
will Slip in the non dnve direction, the 
starting motor is protected from engine 
backfire 

The folo-thru *s the most common type of 
inertia drive used today, 

2 Some heavy-duty cranking motors use a 
fnction-clutch Bendix drive. This type of 
drive functions rn much the same manner 
as other Bendix drives. However, it uses a 
series ol sprmg-loaded clutch plates, in- 
stead of a drive spring^ that slip momen- 
laitly during engagement to reJieve shock. 



Clutch Drives 

Overrunning Clutch Drive 

The Overrunning clutch drive (Figure 8-88) is 
one of the most widely used drivp 
mechanisms; it meshes and demeshes the 
drive pinion with the flywheel 

The Overrunning clbtch uses a shift lever to 
actua*e the drive pinion The pinion, together 
with the Overrunning clutch mechanism, is 
moved endwise along the armature shaft and 
into, or out of. mesh with the flywheel. The 
shift lever may be operaled either manually or 
by a solenoid* 




(8-88) 

Coufrt*sy of Jonri Doore Li<l 



Operation ol the overriding clutch is as 
follows 

The drive pinion in its neutral position is out 
of mesh and separated from the flywheel ring 
gear When the starting switch is closed, 
current flovvs to the solenoid, closing the 
switch circuit As the solenoid switch closes, 
the shift lever moves the pmion mto mesh and 
then completes tlie circuit to the starting 
motor. If the pinion and the flywheel teeth 
meet instead of meshing, the spring-loaded 
pinion rotates the width of one-half tooth and 
drops into mesh as the armature starts to 
rotate 

When the armature shaft rotates during 
cranking* small rollers m the clutch become 
wedged agai^.st the shift collar attached to 
the pinioa This wedging action locks the 
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pinion gear to the clutch which is sphntJd lo 
tne armature shati. and causes the pinion to 
rotate with the shaft (Figure 0-89). 
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(8-89) 

0VERRUNN1\G CLUTCH ORJVL ENGAGED 

Lui^rt*?SV ol J^^nn QperC Lid 

When the engine starts, the flywheel spin:; the 
pii ion gear faster than the armatorf>. 
releasing the rollers ar^d unlocking the pinion 
^'Om tht armalure. releasuig the rollers and 
unlocking the pmion from the armature shaft 
The unlocked pinion stai meshed \vith the 
f!yv^heel runs at flywheel speed (overruns) 
ciafety anc^ freely unlil the switch ts opened 
and the shift laver pulls ihe prnion out of 
mesh This fea:ure prevents the armature from 
being driven at excessive speed by tne 
engine 



(8^91) 
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Sprag Clutch Drive 

The Spras Clutch Drive (Figures and 8- 
9') IS used prImarKy on larger starting motors 
lo carry the high torque required to turn over 
high-compression engines. The Sprag Clutch 
Drive is constructed and operates fike the 
Overrunning Clutch Drive, except that a series 
of sprags replace the rollers in the clutch 
assembly. 

The Sprag Clutch Drive operates as follows: 

Movement of the shift lever against the collar 
causes the entire clutch assembly to move 
along the spiined shaft until the pinion teeth 
engage the flywheel ring gear If the teeth 
meet instead of meshing* continued 
movement of the shell and spiral spiined 
sleeve causes the pinion to rolate and clear 
the leeth. The compressed meshing spring 
then forces the pinion inlo mesh with the ring 
gear If the pinion does nol clear before the 
two retainer cups meeL shift lever movement 
IS stopped by the retainer cups and the 
operalor must slart the engagement cycle 
over again. The shift lever stopping prevents 
closure of the switch contacts lo the motor 
wilh Ihe pinion not engaged On the second 
attempt, the pinion will engage in a normal 
manner 
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Courtesy Of John Deere Ltd 
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Courtesy ol Deico Division of 
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With ihe pinion engaged and the switch 
Closed, torque is transmitted to the pinion 
through the sprags. The sprags tilt slightly 
and are wedged between the shell and sleeve. 
When the engine starts, the ring gear drives 
the clutch faster than the armature, and the 
sprags u\\ in the opposite direction freeing toe 
sleeve and pinion and allowing them to 
overrun the shell and armature. When the 
switch IS opened the shift lever pulls the 
pinton out of mesh To avojd prolonged 
overrunning, the starting switch should be 
opened as soon as the engine starts. 

REMOVING AND INSTAUING STARTERS 

When removing and installing starter motors, 
the following precaution and good work prac- 
tices should be followed' 

t First, remove the ground strap Jrom the 
battery Then install a 00 NOT OPERATE 
TAG on the controls. 

2 Taq all wires before disconnecting them. 
Pieces of masking tape work well for 
tagging 

3 Starter motors, especially large ones, are 
n^avy. so be sure to support a motor when 
removing tne flange bolts 

4 Cneck tne flywheel ring gear condition 
before reinstalling the starter motor. If it is 
badly worn or damaged, the ring gear 
snould be repaired 

5 Wnen »nstalhng the motor be sure to 
tighten the flange bolts evenly 
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QUESTIONS — STARTER MOTOR 

1 The starting circuit converts electrical 
energy of the battery into 

-. lo crank the engine- 

(a) kmetic energy 

(b^ hydraulic energy 

(c) pneumatic energy 

(d) mechanical energy 

2 True or False'^ A starling motor js 
designed to operate for short intervals 
under great overload. 

3 The principle of an electric motor is that 
a curren* carrying conductor is placed in 
a magnetic field and the interaction be- 
tween the two fields causes: 

(a) current lo flow in the field winding 

(b) a fo :e lo be exerted on the con- 
ductor 

(c) current to stop flowing tn ihe con- 
ductor 

(d) an equal force on the conductor 

4. The operation of magnetic, solenoid and 
series-parallel starter switches depends 
on: 

(a) fnctron and magnetism 

W a core tightly wrapped around a coil 

(c) movement of a magnetized core into 
and out of an electromagnetic coil 

(d) two bar magnets applying a force to 
each other 

5. What is the main difference between a 
magnetic starter switch and a solenoid 
starter switch? 

6 A series-parallel switch is used to 

(a) connect two batteries m series for 
starting and in parallel for charging 

(b) connects four batteries in parallel 
for starting and returns two of them 
lo series for charging and ac- 
cessory loads 

(c) keeps the starter from overloading 
the batteries 

(d) connects two batteries m parallel 
for starting and in series for 
charging 



7 List the two basic functions of the starter 
drive 

6 What IS the lirst step before attempting to 
remove a starter motor? 

(a) jack the vehicle up 

(b) check the ring gear condition 

(c) remove the battery ground strap 

(d) remove the fan belt 

9 Why IS the drive ptnion center weighted 
on an inertia drive such as a Bendix? 

10 An overrunning clutch mechanism allows 

a clutch drive pinion to safely 

the starter motor armature shaft when the 
engine starts 

11 There is a drrect relationship between 
starter drives and starter switches. Iner- 
tia drives use switches. 

Clutch drives use . switches. 
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CHARGING CIRCUITS 

A charging circuit does two jobs: 

— recharges the baitery 

generates current to operate elecirical 
arressories 

There are two kir\6s oi charging circuits' 

— DC charging crcuits (use generators) 

— AC charging circuits (use alternators) 

DC Charging Circuits have a generator and 
regulator (Figure 8-92). 



REGULATOR 



IGNITION SWITCH 




BATTERY 



(8-92) 

DC CHARGING CIRCUIT 

' *^ " - 

Courtesy ot Jono Deere Lid 

Driven by the engine, the generator makes 
electrical power ;n the form of alternating 
current (current that moves m one direction* 
and then in the other) Through the use of a 
commutator and brushes, the generator 
changes the alternating current (AC) into 
direct current or DC which moves in one 
direction only. 

The regulator does the following three ^obs' 

1 Opens and closes the charging circuit be- 
tween the battery and generator. 

2 Prevents overcharging of the baiiery, 

J Limits the generators output to a safe 
amount, 

AC charging circuits have an alternator and a 
regulator (Figure 8-93). 
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BATTERY 

(6-93) AC CHARGING CIRCUIT 

Courtesy ot John Oeere Lid 

An alternator is similar to a generator in that it 
produces AC current, but it differs in the way 
it changes AC to DC. Alternators use an elec- 
tronic device called a diode rather than 
brushes and a commutator to change the AC 
to DC, 

The function of a regulator in an AC charging 
circuit is to prevent overcharging of the bat- 
tery and to limit the alternator's voltage output 
to a safe amount. Many modern regulators are 
made with transistors and are referred to as 
solid state, 

OPERATION OF A CHARGING CIRCUIT 

All charging circuits operate in three stages* 

1 , During starting the battery supplies all the 
current. 

2. Durmg peak operation the battery helps 
the generator supply current 

3 During normal operation the generator 
supplies alt current and recharges the bat- 
tery 

In bothAC and DC charting circuits, the bat- 
tery starts the circuit wnen it supplies the 
current to start the engine The engine then 
drives the generator (or alternator) which 
produces current to take over the operation of 
the ignition, lights and other electrical ac- 
cessories. The battery will help oul during 
peak operation when the electrical loads aie 
too much for the generator (or alternator) 
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The three stages o( the charging circuit are 
illustrated in Figure 8-94 
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(8-94) 

Courtesy of John Oeere Ltd 
DC CIRCUITS 

GENERATORS 

The make-up of a basic generator is srmilar to 
that of the basic starting motor previously 
described. Both have an armature, poles, a 
field winding, brushes and a commutator. 
However, there is a major difference in their 



operation and function. A starting motor uses 
current to turn its armature and shaft and its 
function is to produce working power A 
generator uses engine power to turn its ar- 
mature and Its function is to produce elec- 
tricity. Figure 8-95 illustrates the parts of a 
basic generator, (Note that an actual 
generator has not one but many loops.) 
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COMPLETE PARTS OF BASIC GENERATORS 
Couftesy o( john Oeere Lid 

The earlier discussion of eiectromagnetism 
showed that when a conductor was moved 
through a magnetic field, a current was in- 
duced in the conductor. The direction of in- 
duced current depended on the direction in 
which the conductor passed through the field. 
Generators use this principle of elec- 
tromagnetic induction to produce current. 

Looking at the illustration of the basic 
generator in Figure 8-96. consider the clock- 
wise rotation of the loop through the magnetic 
field During the first half of the revolution 
(Figure 8-96^ the top of Side A cuts through 
the magnetic field first, whereas the bottom of 
Side 6 IS first to cut the field. In this half of the 
revolution, then, the loop has current induced 
in It that travels away from Side B towards 
Side A, Dunng the second half of the 
revolution, the field cutting is reversed. The 
lop of Side e IS the leading edge, while the 
bottom of Side A is leading. Thus the current 
flows in the opposite direction, away from 
Side A towards Side B The result is alter- 
nating current 
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(8-96) 
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The generator must convert this AC to DC. 
The commutator and brushes perform the 
conversion. The brushes slide on. or brush, 
the commutator ring. Since the ring is split the 
brush on the left side is always in contact with 
the side of the loop that is pushing up through 
Ihe magnetic field* and the brush on the right 
Side \s always in contact with the ;>*de of the 
loop that IS going down through the field. 
Thus the current always flows in the same 
direction 

Three factors will affect the induced current 
that an actual generator produces" 

1 The strength of the magnetic field. 

2 The number of wire conductors on the ar- 
mature (le. the number of loops) 

3 The speed of the armature. 

Note here, as was mentioned earlier* that the 
more current a generator (or an alternator) 
produces. Ihe more resistance there is against 
the armature Thus, the more current you draw 
Irom a generator or alternator the harder \\ is 
lo turn. This IS the reason that drive belts for 
generators and alternators must have the 
proper tension so that Ihey don t slip dunng 
peak demands 

Need To Regulate The Generator 

Looking at the diagram of a basic generator 
you can see that current produced by the 
generator is also used to supply its own field 
circuit. Such an ar'^anQ ^ent causes a 
spiralling increase in the a*nount of current 
produced The reason is as follows' 

1 The more current the armature produces* 
the more current is sent to the field circuit 

2 With this additional current* the magnetic 
field becomes stronger 

3 With a stronger magnetic fields more 
current is induced in the armature 



4 And so It goes, the amount of current 
spiralling upwards^ 

If this increase in current went unchecked* 
the generator would burn up Thus, the need 
for a regulator The regulator controls the 
amount of current and voltage the generator 
can produce. Besides having current and 
voltage limiters. the regulator has a cutout 
relay that closes the circuit between the 
generator and the battery when the generator 
is runnmg and opens it when the generator is 
stopped. This relay allows the generator to 
charge the battery, but does no! allow the bat' 
tery to discharge through the generator when 
the generator is not running. 
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Alternators 



The alternator (also called an AC generator) 
ts the heart of the AC changing circ^jit. Alter- 
nators are generally more compact than 
generators and can supply a higher current at 
low engine speeds. Since in recent years 
there has been an increase in the use of elec' 
tncal accessories at low or idte engine 
speeds* alternators are more common today 
than generators 

Basic Operation Of An Alternator 

Whereas a generator induces current by 
moving a conductor through a stationary field* 
an alternator induces a current by doing the 
opposite* by moving the field across a 
stationary conductor. 

A basic alternator can be made by rotating a 
bar magnet mside a single loop of wire As it's 
rotated current is i .duced in the wire (Figure 
8-97) 
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Courtesy of Jofm Ooe*o Ltd 
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If the magnet is rotated the other way. the 
current will flow in the opposite direction The 
faster the magnet is turned the more current is 
mduced 

However, an alternator made with a bar 
magnet rotating inside a single loop of wire is 
not practical because very little voltage and 
current are produced Air is not a good Irans- 
mitter of magnetisrp. and only a few lines ol 
force will come out of the North pole and en- 
ter the South pole Production ol current is im- 
proved when the loop of wire and the magnet 
are placed inside an iron frame (Figure 8-98). 
The iron Irame provides a form to which the 
loop of wire can be attached It also acts a? a 
conducting path for the magnetic lines* of 
force- greatly increasing the number of lines 
of force between the N and S poles. With the 
increased lines oi force comes more induced 
voltage, and thus a more useful alternator 
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In an alternator the rotL, lagnet is called 
Ihe rotor, and the loop and outside fram*- 
assembly is called the stator. A rotor and a 
stator Irom an actual alternator are shown in 
Figure 8-%. Note that the stator has not one 
but many loops of wire wound in three 
separate :oils. Also note that the rotor is not a 
bar mapnetic but pole pieces and an elec- 
troma:;netic field winding. The rotor is driven 
by the engine and the field winding is sup- 
plied current from the battery. 
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Courtesy o( Delco-Herny Division ol 
General Molors Corporation 

The current induced in the stator by the rotor 
is alternating current and it rrtust be changed 
to AC before it can be used by the electrical 
accessories An alternator uses diodes to 
change the AC current to DC A diode is an 
electronic device that will allow electricity to 
flow through it in one direction but not in the 
other The discussion here won't go into why 
the diode allows passage of electricity one 
way but not the other; this information can be 
found in any modern book on electricity. In 
electrical diagrams the symbol for a diode is* 
which means that current can 
flow through the arrow but not through the 
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vertical hne. Wilhoul going into deiaih the 
diodes are located \^ circuits such that they 
send the alternating current received from the 
three stator coils all in the same direction 
resulting in a DC current. To understand hov/ 
diodes work follow the path of the current 
through the six diodes in Figure 8-100. 
Remember that the current can only flow in 
the direction of the arrow through the diode. 

1. From coil A through coil B and C and 
back to A agajn 

2. From B through A and C and back to 8 
again 

3 From C through A and B and back to C 
again 

g FIELD 

— cn 
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states of charge and the demands of the elec 
trical system (up to, of course, the alternators 
limitations). 

There are many variations of alternator and 
generator regulators and these will be 
discussed in later courses. 



Need To Regulate The Alternator 

Alternators like generators must have 
regulation. The type of regulation, however* rs 
different in the two systems. Generators, as 
you will recall, required a cutout between the 
battery and generator, in addition to current 
and voltage hmiters. Since alternators use 
diodes. Ihey don t need a cutout (i e.. current 
can only go from the alternator to the battery. 
It can t go the other way). Nor do they need a 
current limiter because the coils are con- 
structed so that the current they produce is 
self limiting What regulation alternators do 
need, though, is a voltage limiter. Voltage out- 
put IS controlled by limrtrng the amount of 
current in the field circuit. By limiting the 
voltage output of the alternator, the amount of 
current produced is in correct proportion to 
both the demands of the battery in its various 
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PREVENTIVE hlAINTENANCE SERVICE OF 
CHARGING SYSTEMS 

Removing and installing generators and alter- 
nators IS a fairly straight forward job. 
However, there are a few suggestions that will 
help you do a belter^ safer job: 

1 First* remove the ground strap from the 
battery. 

2 Wnen multiple wires are used on the 
c^enerator tag the wires as they are 
disconnected 

3. On some vehicles* several accessories 
may be driven from a multiple groove 
crankshaft pulley* and to replace any of 
the inside drive belts you witi have to 
remove all the outside belts first. Also, on 
vehicles where special equipment has 
been installed or accessories relocated* it 
may be necessary to remove these items 
before you can repiace a drive belt. 

4 Generators, especially large ones> are 
heavy J support a generator when 
removing the mounting bolts. 

5 Check the condition of the drive bell and 
its sheaves and check the sheave align- 
ment (see the section on belt maintenance 
in Block 7. Engines). 

6 When installing generators, position them 
so that the spacers are in the right 
location. 

7 Check belt tension using a belt tension 
gauge or the bell depression method (see 
"Engines'). The most common charging 
system problems are caused by worn or 
improperly ad)usted drive belts. Preven- 
tive maintenance on generators stresses, 
therefore, that beits be checked regularly 
for alignment and tension. 
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QUESTIONS — CHARGING SYSTEMS 

1 , During normal engine operation the 
generator or alternator; 

(a) helps the battery supply current 

(b) supplies all current 

(c) recharges the battery 

(d) both (b) and (c) 

2. A generator changes the alternating 
current it produces to direct current by 
the use of: 

(a) an accumulator and brushes 

(b) a commutator and windings 

(c) a commutator and brushes 

(d) an accumulator and diodes 

3 List the three jobs the regulator must do 
in a DC charging system. 

4. An alternator changes AC to DC by the 
use of: 

(a) resistors 

(d) transistors 

(c) diodes 

(d) thermistors 

5. A regulator on an AC charging system 
has one job to do: 

(a) limit the voltage to a safe value 

(b) limits the current to a safe value 

(c) opens and closes the charging cir- 
cuit 

(d) control aUernator speed to control 
current output 

6 Briefly explain the difference m the way 
that current is induced in a generator 
and in an alternator 

7 True or FrJte? The most common 
charging sysi3m problerris are caused by 
worn or imprope^iy adjusted drive belts. 
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JGNITION SYSTEM 

The purpose of the ignition system is to take 
the low voUage of the battery and create high 
voHage at ihe spark plugs to fire the engine. 
This purpose is acconriplished by means of an 
induction coiL points and a condenser. The 
ignition system nriust deliver the high voltage 
to the right spark plug at the right time in or- 
der to get maximum power from combustion. 

The ignrtion circuit has two separate circuits 
(Figufe 8-101} 

Primary — low-vottage circuit 
Secondary — high-voltage circuit 

The Primary Circuit is the Path for tow-voltage 
current fronn the battery 

It includes these parts 

1 Ignition Swjtch 

2 Coil Primary Windtng 

3 Distributor Contact Pomts 

4 Condenser 

Tne Secondary Circuit is the high vottage 
path Jor current stepperi up by the coit It in- 
clucJes these parts 

1 Coil Secondary Winding 

2 Distributor Rotor 

3 Distrtbutor Cap and Secondary Winding 

4 Spark Ptugs 
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IGNITION Circuit (bypass type shown) 

Courtesy of john Deeie Ltd 

IGNITION CIRCUtT OPERATION 

The ignition circuit can be naturally separated 
into (1) the operations before the distributor 
points open and (2) the operations after they 
open. 

Operation Before The Distributor Points 
Open 

Before the engine is started, Ihe distributor 
points are closed (Figure 8-102) 
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When tne *gnition s^^itcn is turned on. current 
t)ows from Ihe battery mlo the primary win- 
dings of me coii, as sho^^n \n dark lines. From 
tne primary ^^inding the current at low 
wuHage s*mply travels through the closed 
distributor points and back to ground The 
current Creates a magnetic f*eld around the 
piimary winding and bince the secondary 
•rt/inng \s wound underneath the pnmary. me 
i^econdary. too. has magnetic field around 't 

Operation After The Distributor Points Open 

As the engine rotates m starting, it drives ihe 
distributor shaft and the breaker cam. The 
breaker cam opens the distributor points and 
the second phase of ignition oegins as 
ittustrated in Figure 8-103 



The surge oi induced voltage in the primary 
winding is absorbed by the condenser The 
surge of induced voltage in the secondary 
winding which, lor reasons that will be ex- 
plained later. IS much higher travels to the 
distributor cap. The rotor inside the distributor 
cap turns to a spark plug terminal and directs 
the voltage surge to the correct plug through 
insulated cables. At the spark plug, high 
voltage curreni flows down the center wire or 
electrode and on reaching the tip jumps the 
gap to the plug's ground electrode As the 
current )umps it creates a spark. 

The complete cycle of current coming into the 
primary winding, stopping, and induced 
current travelling from the secondary winding 
to the distributor cap and spark plugs hap- 




(8-103) COHDEHSeR 
OPeRATlON AFieB THE DtSTRlBUTOR 
POINTS OPEN 



DISTRIBUTOR 

pens Irom 100 to 300 times a second depen- 
ding on the speed of the engine. 



As the points open, the ilow of current m the 
primary circuit is stopped instantly StDpping 
th»s current coltapses the magnetic fietd that 
has built up around the two windings Collaps* 
mg the field induces a current (discussed 
nnore fully below) m the two coils, since there 
js a magnetic field moving across a con- 
ductor You remember the* if a conductor is 
moved through a magnetic field (the principle 
of a generator) or vice versa if the magnetic 
f^eid IS moved across the conductof' (the pnn- 
cipie of the atternator) a current is induced in 
the conductor 



One other point must be made about the 
ignition circuit as a whole. Going back to the 
first diagram in this section, notice the 
resistor on the primary circuit and also note 
the dotted line that bypasses th.s resistor. 
Such an arrangement is called a bypass 
ignition system. When the ignition key is turn- 
ed on. full battery voltage Hows through the 
dotted red line, resulting m a hotter spark for 
first ignition. When the ignition switch is 
released* primary current flows through the 
solid line and resistor to the coil In a 12-volt 
system* the resistor reduces voltage by half 
and atlows the use of a 6-volt coil The smaller 
coil gives longer Iile to the distributor points 
condenser* and coit because it creates less 
heat. 
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Having seen how current flows m an ignition 
system the rndividual parts of the system will 
be discussed 

Wiring In The Primary CircuU 

Primary wiring is low voltage wiring, 16 or 18 
gauge plastic insulated, stranded copperwire, 
that carries current at battery voltage through 
the primary ignition circuit The connectors at 
the ends of the wire are usually crimped or 
soldered on 

Ignition Coil and Condenser 

The center of the coil (Figure 8-104) is a soft 
iron core The secondary winding of fine wire 
IS wrapped around this core. One end of the 
secondary winding is connected to the hrgh- 
tension terminal the other end to the primary 
winding 




(8-104) IGNITION COIL 
Couriesv o( Jonn Deere Ltd 
The primary winding of heavy wire is wrapped 
around the secondary winding. There are ap- 
proximately 100 times less primary loops than 
secondary ones. The two ends of the primary 
winding are attached to the primary terminals 
jn the coil cap. One of these terminals is con- 
nected to the power source, the other is con- 
nected to the distributor points. 

\ shell of laminated material is placed around 
the windings and core as shown. The core, 
windings, and shell are then encased m a 
metal container. The container is filled with 
either oil or insulating material and sealed 
with the coil cap The cap is made of a shaped 
insulating material with the two primary ter- 
minals and one high-tension terminal molded 



The coil pedorms the key function the 
ignition circuits it steps up battery voltage 
from 6 or 12-volts to 15 to 20 thousand volts, 
enabling a spark to occur at the spark plug. 

Coil Operation 

Keep in mind the electromagnetic principle of 
the coil, when a magnetic field crosses over a 
conductor a voltage is induced in that con- 
duclor The faster the field travels and the 
more conductors there are. the greater the in- 
duced voltage. 

1 Current at battery voltage travels to the 
primary winding in the coil. As current 
begins to come into the primary winding, a 
magnetic field starts to build around it. 
and since Ihe secondary winding is wrap- 
ped underneath the primary the same 
magnetic field crosses over to the secon- 
dary winding. As the field builds up. some 
voltage is induced in the secondary win- 
ding but not enough to send a spark 
across the gap at the spark plug, 

2 This greater voltage that produces the 
spark IS induced as follows The contact 
pnints are opened and current is im- 
mediately cut off to the primary coil. Cut- 
ting off the current causes the field to 
collapse very quickly, and thus the field 
travels back over the secondary windings 
much faster than it came across. (Note 
that the electromagnetic field doesn't just 
disappear when current is cut off: it must 
collapse or fall down much like, a brick 
bujiding would; The fast collapsing field 
crossing back over the many loops in the 
secondary winding induces a very high 
voltage that sends a surge of current up to 
a spark plug to jump the gap and cause 
the spark needed for ignition of the fuel 

While the high voltage is being induced in 
the secondary winding, what is happening 
in the primary winding? As the field 
collapses, a voltage is self-induced in the 
primary winding as well as the secondary. 
However, the voltage is much less than 
that of the secondary because the primary 
has approximately ^00 times fewer loops. 

The self-induced voltage m the primary 
winding tries to push a spark across the 
points in an attempt to keep the current 
flowing And there is enough induced 
voltage to send a spark across when the 
points first slart to open and are not very 
far apart Such a spark would damage the 
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points and decrease the rale of held 
collapse To prevent sparks at the points a 
condenser is used. 

The condenser is connected across the 
points as illustrated in Figure 8-105. 

DISTRIBUTOR 



H1GH-TENSI0M 
TERH1NAL 




Courtety 01 Jonn Oeeie Ltd CONDENSER 
(8-105) 

Instead of Ihe induced vottage pushing 
current across the points, the current is 
sent into the condenser. The condenser in 
effect catches the mducea voltage from 
the primary v^inding. The condenser is 
soon full or cnarged up and the voltage is 
ready to try again to push the spark 
across the points* but by this time the 
f/oints are open too wide for a spark to be 
pushed across The delaying tactics of the 
condenser prevent current from crossing 
the points and in so doing allov^ the field 
in the coil to continue lo collapse. 

rt should be pointed out that contrary to 
what v^as said above sparking is not 100^^ 
eliminated from the points. During the first 
millionth of a second that the points 
separate, there is a very small spark 
produced across the points. It is this small 
spark that accounts for some pitting and 
wear on the points. 

Saivice Note On The Polarity Of The Coil 

Whenever the primary leads are disconnected 
from the coiL observe the correct polarity 
v^hen reconnecting them. Wrong polarity of 
the coil IS not a serious problem, but can 
cauoe damage over a long period of time. A 
coil that is incorrectly connected to the pov^er 
source and the distributor will require an ext^a 
4000 to 8000 volts to create the spark 
Misfiring can result as the voltage required to 
jump the spark gap increases. Figure 8-106 
illustrates proper coil connections. 



PRIMARY 
TERMtMAL 




DISTRIBUTOR 
PRIMARY 
TERMINAL 



mil NEGATIVE -OROUNO SYSTEMS 
(S-106) I I POSITIVE^GROUND SYSTEMS 

CORRECT POLARITY OF THE COIL 
Coi "esy Jonn Oeere LW 

On negative-ground systenns* the negative 
primary terminal is connected to the 
distributor 

On pos<tive-ground systems* tiie positive 
primary terminal is connected to the 
distributor. 

Most cotis have the polarity signs imprinted in 
the cap by each terminal. 

IGNiTION DISTRIBUTOR 

The distributor does three jobs. It. 

— opens and closes the primary circuit 

— times the high voltage surges 

— delivers current to the spark plugs 

Distributor Parts Can Be Put Into Three 
Groups 



TimJng 



Primary Circuit 

Operation 

drive shaft drive shaft 
breaker cam breaker cam 
breaker plate centrifugal 
advance 
contact points contact points 



Delivery 

drive shaft 
rotor 
cap 
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OperaUon Of The Distributor 

As (he disirrbulor drive shaft turns, a cam lobe 
pushes the breaker lever rubbing block. This 
action opens the contact points, stopping the 
current flow \r\ the coils primary circuit 
(Figure 6-107) 




PLUG 



CAM LOBES 



COIL 
RUBBING BLOCK 



DISTRIBUTER 

(8^107) 
Courtesy oi J oho Deere Ltd 

The collapsing fietd and the resulting high- 
voltage surge in the corl's secondary winding 
forces current into the center terminal of the 
distnbutor cap. The distributor rotor receives 
this current and delivers it to the proper spark 
plug to fire the engine 

Meanwhile, the distributor cam lobe has 

moved away from the rubbing olock and 

spring tension brings the points back into 
contact (Figure 8-108) 




DISTRIBUTOR 
(8-108) 

Courtesy of Joho Deere Ltd 



Th*^ primary circuit is again complete and 
current flows until the next lobe opens the 
points. The cycle then repeats itselt 

in this way a spark is created as each lobe of 
the cam opens the contact points. The com- 
plete cycle for each spark takes place at a 
very high speed. A typical distributor is shown 
in Figure 8-109, 



CAP 



BREAKER 
LEVER 



BREAKER 
PLATE 

HOUSING 




DRIVE- 

Shaft 



ADVANCE 
MECHANISM 



(8-109) CUTAWAY OF DISTRIBUTOR 

Couriesy Ot Jonn Deore Ltd 

Distributor Parts 

Drive Shaft — is driven at one-half engine or 
crankshaft speed by the engine camshaft. It 
drives the centrifugal advartce tnechanism 
(described later), the breaker cam, and the 
rotor. 

Breaker Cam is slip-mounted on the drive 
shaft and pinned to the centrifugal advance. 
The cam has one lobe for each engine cylin- 
der. 

Breaker Plate ^ is a mounting for the contact 
points and condenser It also hr,s a terminal 
which connects the points and condenser to 
the primary circuit 

Contact Points Assembly— consists of two 
contact points, a breaker lever and a breaker 
lever spring Alt three are mounted on a base 
which is attached to the breaker ptate. The 
two poinis are usually made ol tungsten. One 
IS fixed to the base, the other is attached to 
the breaker lever and aligned with ttie first. 
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The breaker lever is mounted on a pivot pin (o 
the assembly base The lever is made ot metal 
and has a nylon or bakelite robbing block 
The breaker lever spnng is attached to the 
breaker lever The spntiQ holds (he lever to 
:he cam after aach cam lobe passes (he rob- 
bing b::>ck 

Rotor — IS mounted on (he upper part of the 
breaker cam A flat side of (he rotor hub fits 
on a flat side of (he cam In this way (he rotor 
will fi( in only one position. On the top of the 
rotor a spring met^l piece is in contact with 
the center terminal ol the distributor cap A 
rigid pfece completes the circuit to each 
spark pluQ terminal in the cap as the rotor 
turns. The rotor itseil is molded ol a plastic 
material which makes it a good jnsufa(or. 

Distributor Cap — is also molded of a ptastic 
material Brf*ss or copper contact inserts are 
embedded in the cap These contacts are 
equally spaced around the cap and lead to the 
spark plug terminals in the top of the cap. The 
cap is notched into the housing to prevent in- 
correct installation, 

CENTRIFUGAL ADVANCE MECHANISM 

An advance mechanism i^. a device which 
takes engine speed *nto account and times 
the spark to occur while the piston is in its 
best position to be driven by the expanding 
gases For the purpose of discussion^ assume 
that the engine piston must be at 12** past top 
dead center lor full combustion force (Figure 
8-110). The 12** past top center stays (he same 
regardless o' the engine speed. 




(8-110) 

CHjtjrteSy of Jonrt Ocere Ltd 

Assiime also that it takes 0 002 seconds to 
reach the full force of combustion, and that at 
1000 revolut.ons*per-minu(e (RPM) the piston 
wMl (ravel 16 degrees during this time. The 
spark a( this speed, therefore, rnust come at 
four degrees before (op dead center so (hat 



the piston will be at i(s optimom 12'' position 
at combustion (Figore 8-1 tl) II the engine 
speed IS doubled to 2OOO RPM. the distance 
the piston woold travel is also doubled to 32 
degrees, and the spark, therefore, most occor 
at 20 degrees belore top dead center to give 
maximum power to the piston (Figure 8*111). 




AT \rm enGiMe rpm 



SPARK ^ 

20' 
BEFORE 
T,D C 




AT 2,ou0 eNGme rpm 



Spark timing of the engine combustion 
(8-111) 

Cot»fiesy }i Jonn Deere Lid 

It has been shown that spark timing must be 
adjusted to engine speed The advance 
mechanism makes this adjustment. The most 
popular type of advance mechanism is a cen- 
trifugal advance, its mam parts are two 
^eights, a weighl base and two spnnqs 
(Figure 8-112), 

CENTRIFUGAL ADVANCE MECHANISM 



ADVANCE 
EIGHT 



CAM 



WEIGHT 
BASE 



WEIGHT 
SPRING 




(8-112) 



PIN 

CONNECTING 



PRIMARY 
LEAD 



Coi#ftesy ol Jonn Oeere UtO 



^ e weight base is part of the distribjtor drive 
shaft. The springs are connected to the base, 
whiie the weights are placed on the base. The 
distributor breaker cam has two p»ns which 
connect it to the springs and weights. 
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At (die speed the breaker c<im (s pinned to ihe 
base and roiaies with ihe drive shaft. The cam 
lobes then open the points at a preset time 
such as four degrees before top dead center. 




MD ADVANCE 




Full advance 



OPERATION OF CENTRJFUGaL ADVANCE 

(8-113) COifriesy ol JOhrt De^re Lid 

As tne engine speeds up. centrifugal force 
throws >he weights out against spring tension 
(Figure 8-113) When th3 weights move out 
they twist the breaker jam so lhat the cam 
lobes strike the breaker lever earlier Thus Ihe 
contact points open earlier and the spark is 
advanced As the engine slows down, the 
sprrngs gradually return the breaker cam and 
weights to their original position 

The centrifugal advance is calculated m a set 
ratio CI spark advance to engine speed: at full 
throttle It gives complete spark advance 
Cylinder conditions, however are not as 
regular as the set advance-speed ratio might 
imply There is a lime, at part throttle for 
example* when the cond^tioriS durmg com- 
pression and combustion are siich that more 
spark advance could be used. At part throttle 
Ihe amount of air taken into the engine is 
resiricted and a vacuum can develop in the 
engine mta e manifold allowing less fuel and 
air into the cyhnder The amount of vacuum in 
the manifold is determined by the engine 
speed and the throttle opening With less atr^ 
fuel mixture entering :he cylinder and with the 
mixture being slightly richei (i e . not as much 
air), the mixture will burn slower In such a 
i*:tijation spark must take place sooner The 
centrifugal advance can't advance the spark 
any further because it is in a sel speed- 
ad- Tnce ratio The furthe^ advance is ac- 
complished by a vacuum advance mechanism 
(Ftgur© 8-114) 



CARBURETOR 




VACUUM 
ADVANCE 



diaphraOm 



(8-114) VACUUM ADVANCE MECHANISM 
COuriesy 0* JOnn Deere Ltd 

The vacuum advance uses an air-tight 
diaphragm connected to an opening in the 
carburetor by a vacuum passage. The 
diaphragm is connected by linkage to the 
distributor housing or the Creamer plate. 

When a vacuum at the intake manifold draws 
air from the diaphragm chamber, it causes the 
diaphragm to rotate the distributor breaker 
plate in the opposite direction of drive shaft 
rotation. The breaker lever contacts the 
breaker cam lobes sooner and advances the 
spark, 

A combination of the centrifugal and Ihe 
vacuum advance mechatiisms gives a spark 
advance unit which is sensitive to all speed 
and load conditions. 

Other parts of the ignition system yet to be 
discussed are secondary winng> a ballast 
resistor> and spark plugs. 

SECONDARY WtRFNG 

Secondary winng carries the induced coil 
voltage (20,000 volts or more) first from the 
coiTs high tension terminal to the distributor 
cap and then from the outside distributor cap 
terminals to the spark plugs. Because of the 
hisjh voltage they carry* these wires must be 
heavily insulated. The innulation must be oil 
resistant and must also be able lo withstand a 
fair amount of heat as the wires run close to 
the manifolds. 

Until the early sixties secondary wiring was 
made of about 16 gauge copper or aluminum 
wire. At that time> wiring with carbon im- 
pregnated liners or cores was introduced- The 
ca rbon impregnated core provides a 
rc *stance path for the high voltage surges 
which helps eliminate radio and television in- 
terference from the ignition system. 



175 



BASIC ELECTRICITY 



8:73 



other improvements have fotlowed. such as 
graphite saturated fiberglass cores and soft 
sihcone insulation that allow the wire to 
withstand more heat and generally make it 
more durable^ 

The ends of secondary wiring that fit onto the 
distributor cap. the coil tower, and the spark 
plugs are equipped with insulating boots. The 
boots either slide over the cable or are bond- 
ed to W 

BALLAST RESISTOR 

Earlier, a bypass ignition system was men- 
tioned. When starting, a bypass circuit takes 
full voltage to the coil for a hotter spark, but 
once the engine starts, battery voltage passes 
Ihrough a resislor which cuts the vollage to 
the coil. The decreased voltage, because it 
generates less heat* gives longer life to the 
points, condenser and coiL The resistor used 
IS called a ballast resistor. 

Instead of a ballast resistor, some manufac- 
turers use a resistance wire which is con- 
nected between the ignition switch and the 
coil- Note that there is no bypass circuit here. 
When the conductor is cold at starling, vir- 
tually full voltage is sent to the coil, but as the 
conductor heats up the resistance increases 
and reduces the voltage. 



SPARK PLUGS 

When the topic oi electrical circuits wo:i in- 
troduced, it was said that no current flowed m 
an open circuit In most cases this is true. 
However, if the opening in Ihe circuit is small 
and a strong volt2ge is present, the circuit 
can still be completed. Strong voltage will 
force the current to jump the opening or gap 
to complete the circuit. Such a jumping of 
current occurs at the spark plug gap to com- 
plete the ignition circuit 

Spark Plug Operation 

A spark plug (Figure 8-115) has two con- 
ductors or electrodes One is connected by 
wire to the distributor cap and the other is 
connected to ground The two electrodes are 
separated by a small opening or gap 




J.-;: SPARK GAP— 



(8-115) SPARK PLUG CONSTRUCTION 
Couriesy o( John Deere Lid 

The i^igh voltage surge comes m through the 
terminal, travels down the central electrode 
and then jumps the gap to the bottom elec- 
trode. After the complex ignition acl.on that 
you have seen at the coll and distributor 
current jumping the gap to create a spa*k 
seems rather simple. The spark, however, is 
no; just any spark, it must be of the correct in- 
tensity and duration to cause efticiert fuel 
combustion. Spark plugs must be carefully 
constructed give such a controlled spark 

Plug Constmotion 

All spark plugs have basically the same parts 
as the one shown above. Variations in plugs 
result from these parts being designed dif- 
ferently. Spark plug parts are discussed 
below. 

Ouier Shell 

Each spark plug has a steel outer shell. The 
top of the shell is hex-shaped for tightening 
the plug when installing it The lower part of 
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the shell is ihreaded and screws inio the 
cylinder head. The grounded electrode ex- 
tends Out from the lower pari of the shell A 
gasket slips over ihe ihreaded portion of ihe 
plug and resls agamsl the flange at me bot- 
tom of Ihe upper part of ihe shell The gaskei 
serves two purposes, it seals the plug against 
compression loss and provides a path for the 
transfer of heat to the cooUng system. Note 
that instead ol a gasket and flat flange some 
plugs will use a tapered seat. 

The distance from the flange to the end of !he 
plug threads is called the reach. The reach of 
a spark plug is very important in plug selec- 
tion A plug with too long a reach will extend 
loo far into the combustion area Not only will 
the plug run hotter but it is also in danger of 
being htt by a pistor< or valve A olug witn too 
short a reach will run cold and cause misftrtng 
dte to fouled electrodes 

The engme^s Service (Vlarual will give the 
exact spark plug soecif^cations for each 
engine. 

^park Plug Insulaior 

The insulated core or insulaior is mounted . 
the outer shell InsulatoJ^s are usually made of 
such insulating materials as wi'-^te ceramic or 
porcelain The material must withstand ex- 
treme heat, cooling and vibration The in 
sulator IS held m position and shielded Irom 
the ouie^' shell by an mside gasket anc 
sealing compound Beside^ old»ng the cen- 
ter electrode, the ins :or *^ a smeld lor the 
electrode so that <jnt wiil Uov/ cnly 
through th^ electrode The exposed upper 
portion of tt.e insulator must b^ kept clean to 
prevent current from escaping Many plugs 
have nbbed insulators to djscouragfj dirt 
build-up. 

Spark Plug Electrodes 

The electrodes are usually made of a mf^tal 
cHoy that can withstand constant burring and 
erosion The gap between the two electrodes 
}S of prime importance m plug operation. Tr;is 
gap must be set to exact engine 
s^pecificatjons If the gap is loo narrow the 
spark will be weak and touting and misfti ng 
will r^ftult: if too wide, the gap may work w ?ll 
at low speeds* but at high speeds or he< vy 
loads it will stram the clA and nai^e 
misfiring. The G^rrtaces of the fwo elecirc'es 
at the sparf ing print or gap should be pa^ ^ lei 
and have squared ccrners to give the o/jrant 
a betler jump across the gap. 



Heat Range Of Plugs 

The heat range of a spark plug is another im- 
portant plug characteristic. Heat range refers 
to the plugs ability to transfer heat at the firing 
tip to the engine*s cooling system, A plug's 
ability to transfer heat is determined by the 
distance the heat must travel A short in- 
sulator seat quickly carries heat from the core 
leaving a cold plug A long insulator seat 
allows the core to retain maximum heat and 
makes a hot plug (Figure 8-116). 
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SHORT NOSE CONE 



LONG NOSE CONE 



(8-116) 

Couriesy of John Deere Lid 



Engine design and operating conditions will 
decide whether a hot or a cold plug shot be 
used. 

Generally, an engine which op^tates at fasi 
spep:!^ or heavy loads* I.e.* the engine 
operates hot* will require a coid plug so that 
the heat will transfer quickly* On the other 
hand* an engine that usucvMy operates at low 
or idle speeds will u&e a hot plug, Th& Uoi 
plug v^ill bum off the deposits that form on ^ 
piug*s electrodes when an engine operate.^^ at 
lew speec;*=^ for long periods of time. 
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Hot and cold plugs* the two extremes* are not 
the only plugs available. For more normal 
engine operations* a plug that is somewhere 
between hot and cold is used, tn Figure 8-117 
note the length of heat travel in the different 
plugs, as indicated by the length of the 
arrows. 




HOT MEDIUM HOT MEDIUM COLD COLD 

(8-117)' SPARK PLUGS OF VARIOUS HEAT RANGES Couitesv of John Deere Ud. 



CAM ANGLE (DWELL) AND BASIC TIMING 
Cam Dwell 

Cam dwetl is the number of degrees dunng 
the rotation of the cam that the points remain 
closed (Figure 8-'. 8). 
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^ - ' ■ ■ OF HOTAT'lON 

(8-118) CAM ANGLE (DWELLj 

Cam dw'eil is necessary to insure complete 
build-<jp of the magnetic field within the coil, 
or whc^ a called coil saturation. It coH 
saturation is not reached* the amount of in- 
duced voltage from the coil will be reduced. 

Ci^m angle wiM give a low spark at high 
spe ^ds and caus^ ^nisfiring. Excess cam 
angle allows the poi'its to remain closed too 



long resulting in burned points that make 
starting difficulL 

Cam angle and timing are directly related; 
one degree of cam angle change equals one 
degree of timing change. The relationship is 
important because as the rubbing block on 
the contac* points wears* the cam angle will 
increase and so throw the timing out* 

Cam dwell defines contact point operation in 
terms :f cam rotation and closed points. 
Another way to look at point operation is in 
terms ol the length of the gap between the 
points when they are fully open. !f points are 
set according to cam dwelt a dwell meter is 
used; if they are set by point gap. a feeler 
gauge is used. Both the cam dwell and the 
point gap should be measured to g^t a correcl 
setting of the contat^t points. 

Sa9iQ Timing 

setting t^ie cam dwell or ooint gap is the first 
step n adjusting the distt'butor The second 
step is called setting xht b^3ic or initiaf 
timing. Basic timing is adjust] r.g the 
disl:ibutor so that the spark occurs at the 
correct time to give full combustion power. 
The distributor adjusted by loosening the 
clamp and rotating the distributor in its 
mounting. 

Basic timing is set with a timing fight or 
stroboscope (described later) while the 
engine is idling and there is no influence from 
ihe centrifugal advance. 
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PREVENTIVE MAINTENANCE OF 
IGNITION SYSTEMS 

Removing And Installing Spark P'^qs 

1 Pull the wire from Ihe plug by grbsping Ihe 
(emiinaL nol by pulling on the wire. 

After loosening (he plug, but before 
removing it. always clean the area around 
the spark plug by blowing, wiping, or 
brushing (Be sure to protecl your eyes,) 
Cleaning in ihis way will prevent dirt from 
falling into the cy>(nder aftei plug removal 

3 Use a deep-well socket to remove the 
spark plugs Also remove the gaskets with 
the plugs (if used). 

A If the plugs are to be reused, be sure to 
note whicn cylinder each came from. The 
condition of the spark plug can tell you a 
lot about ihe operation ot a particular 
cyclinder 

5 When replacing spark plugs* it is best to 
reptace all of them at the same time to 
take full advantage of new plug per- 
lormance and economy. 

6 When installing spark plugs with gaskets* 
be =ure ihe gaskets are in place The 
gaskets act as a seal to prevent loss of 
compiessron around the ptug. Wilhout a 
gaskeL the reach of the plug would also 
change, affecting plug operation, 

7 Remember another point about gaskets* 
Most manufacturers recommend instatling 
new gaskets with both lew and recon- 
ditioned spark pluos Always remove the 
9id gas*<et ftom the spark plug Never use 
botn the old anrt the new gaskets as plug 
reach would be aftecied 

8 Tighten the spark plugs to tne torque 
specified i :f e service manual If a torque 
trench is not available, tighten the plug 
unh! you leei it seat, then turn it one-half 
\o three-quarter turn more (With steel 
gaskets, tighten one-quarter turn after 
seating ) 

9 Connect the spark plug wires to the 
proper plugs 

Tightening spark plugs to the correct 
specif -cations cannot be over-emphasized 
Over torquing at best can make plugs dif- 
ficult to remove and at worst can break the 
plug off at the threads UniJer lorqued* loose 
plugs result in poor heat transfer and reduced 
plug lite 



SPARK PLUG SERVICING 

Spark plug service has three steps (Figure 8- 
119) 

— inspection 

— cleaning 

— gap adjustment 




RLE AND WHITE 



(8-119) 

MAINTENANCE OF SPARK PLUGS 
CouriOSy of Jotin Deere LlcJ 

Inspection Of Spark Plugs 

!n niosl shops the practice is to replace plugs 
after a reasonable service life or if they give 
trouble. Whether plugs are reused or not* all 
failed plugs should be carefully examined, as 
their condition can tell you many things about 
the state of the engine. 

Cleaning Spark Plugs 

Although cleaning spark plugs probably won t 
be a general practice, occasionally you may 
want to clean them. 

1 A sand-blasting machine is used to 
remove deposits from the insulator and 
electrodes. Carefully inspect the plug af- 
ter blasting to insure that all the sand has 
been removed, as engine damage could 
result il any was left on the ptugs, 

2 Do not use a power wire brush to clean 
the plugs Most plug manufacturers do nol 
recommend this method. 
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3 Badly fouled plugs should be replaced It 
ts doubifui lhat sand blasting can remove 
311 the deposits from such plt^gs 

4 Clean the threads with a wire hand brush 
or a powered solt wire brush wheel. 

5 Wet, oily plugs may require cleaning with 
a petroleum solvent before abrasive 
clean mg 

6 Before gapping the electrodes* file them 
with a smuil pomt tile to flatten their sur- 
face at the fjnng point and to square up 
the edges (Figure 8-120), Squaring the 
surface edges can reduce spark voltage 
requirements even more than cleaning the 
plugs does. 




(8-120) 

F'LLING THE SPARK PLUG ELECTRODES 
C'^uriesy q\ joiin Oeere Lid 

Adjusting Spark Plug Gaps 

1 Whether a plug is new or used, alway^ 
check the gap before you msiall »t (Figure 
8-121) 




(025") 

(8-121) ^ 

CHECKING THE SPARK PLUG GAP 

Loufiosv oi John Oeere Hd 

Use a wire spark plug gauge to check the 
gap The wire gauge will give a Irue gap 



reading even if the electrode surface is 
not flat 

2- If the gap Is too wide, fhe plug may need 
replacing. 

3. Use a bend^^q lool to adjust the gap to 
specificatK Often the bending tool is 
part of the ^ ^uge as shown. After ad- 
justing* checK tv be sure the electrode 
surfaces are parallel 

4 Never bend the center electrode as you 
may crack or break the insulator tip. 

ADJUSTING THE CONTACT POINT 
GAP on CAM DWELL 

Generally points, like plugs, are replaced after 
a reasonable service life or when they give 
trouble. If it is necessary to reuse contact 
points because new ones are not available, 
dress the contact surfaces with a fine oil 
stone Be sure to clean the points thoroughly 
before installing them. 

The correct way to set points is firsi with a 
feeler gauge and then with a dwell meter. If a 
dwell meter is not available extra care should 
be taken with the feeler cdu^e settings. 

1. Adjust points with a fpcler gauge: With 
the breaker cam posit*oned so that the 
rubbmg block touches a cam lobe at its 
highest point, adjust the pomts with a 
feeler gauge to manufacturer's 
specifications 

2 Adjust points with a dwell meter: A owell 
meter can be part of a distributor machine 
or it may be a separate portable unit. The 
latter ts the most likely to be found in a 
heavy duty shop Following directions, 
connect up the dwell meter, crank the 
engine and ad|ust the points to the 
specific dwell angle. 

Note: 

If the cam angle reading on the meter varies 
more than two degrees between lobes look for 
a worn drive shaft or bushings. 

It a problem is encountered in trying to obtam 
the correct setting, check for the following 
possibilities: 

— improper spring tension 

— wrong contact point assembly 

— worn breaker cam 

— worn distributor shaft and bushing 
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USE OF TIMING LIGHT 



WIRING HARNESS 



Once the point gap or cam dwell has been 
iusted. the basic or initial timinc, c3n be set 
Basic tinning is done while the ergine is 
idling The object of basic timing is lo match 
up the timing mark on the turning cranksi<3ft 
pulley (on the flywheel on some older 
eng>ies) with a fixed mark or timing pointer 
on t'le timing cover or hoosing. To match up 
these marks 3 timing light (a stroooscoptc 
li:?hc) is used The timing light is connected to 
the vehicle's battery and to the number one 
cylinder spark plug lead. Every time number 
one cylinder fires, the light will fl3sh. Directed 
at the fixed mark and the crankshaft pulley, 
the flashing light will make the pulley appear 
to stand still, and you will be able to see how 
far the two marks are out. Or^eyou have seen 
that tne timing is out. loosen the distributor 
holding clamp and while stwl watching the 
liming light turn the distributor one way or the 
other to bring the two marks together (Figure 
8-122) With the marks matched up, tighten 
the holding clamp, stop the engine and 
remove the timing light. 




(8 122) TIMING MARKS (TYPICAL) 

Courtesy o( General Motors CcrporatJon 

Two poinis to note when setting the timing: 

1 Be sure the idle speed is as spec.Jied by 
the manufacturer. 

2, Mo3t manufacturers recommend that the 
vacuum 'ine to the advance uni; be 
disconnected when setting basic timing. 
Dont forget to reconnect the line afler the 
timing has been sf.t 



Wiring for electrical accessories in vehicles is 
bound together in trunk lines called a wiring 
harness. A vehicle may have four or five har- 
ness lines supplying electricity to different 
parts of the vehicle. Branch wires come off 
the harness trunk and connect up to their 
specific accessories The harness sheath can 
be made of rubber cloth. p!astic. plastic 
tubing or can simply be electrical tape wrap- 
ped around the wires. Two points when 
working on a harness: 

1 Care must be taken when installinr, a har- 
ness not to interfere with any moving parts 
of the vehicle Install clips correctly so 
that they do not pinch the wires and cause 
short circuits. 

2 Individual wires can be replaced by run- 
ning a new wire around the harness. Do 
not try to thread new wires through the 
harness Attach the new wires to the har- 
ness with tape or clips. Be sure to cut off 
the defective wire right where it comes 
out the harness. 

Replacing Wiring 

1 Since the size of wiring is related to the 
load it must carry, always replace a defec- 
tive wire with the same gauge wiring as 
the original. Never use undersized wiring 
because it will overheat and possibly burn 
ihrough. 

2 When installing additional accessories on 
a vehicle, such as extra lights, and an 
existing circuit is used, the circuit may 
have to be rp^ired with heavier wire to 
carry the au^ load. 

The gauge or size of an electrical wire 
depends on* 

(a) Total lengtn of the wire in the circuit. 

(b) Total amperes that the wire will carry. 

Refer to a wire cacalogue for wire size and 
load carrying capacity. 

3 When replacing a faulty wire end. it is best 
to solder the connection onto the wire. 
Use only rosin core <>, ''er. The other 
alternative is a crimp., wire connector 
Crimp-on connecMons .3 okay in a clean 
environment, but if the'^ i..re used in a 
corrosive area the '"oriP. ^c^ions terd to 
deteriorate. Cnmp-on connectors should 
be fastened with crimping pliers 
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FUSES 

From the discussion on basic electricity you 

remember that given a set voltage source* 

such as a battery* the amount of current is 

governed by the amount of resistance \r\ the 

circuit. You can see the current — resistance 

relationship in the formula: 

volts 
amps = . 

ohms 

As the resistance (ohms) gets greater the 
current (amps) gets smaller* and vice versa, 
as the resistance gets smaller the currant gets 
greater 

In a vehtcte all electrical circuits have a 
resistor of some kind to controt the amount of 
current flow. What would happen, though* if 
an overload or a short circuit occurred? 
Current would rapidly increase to the point 
where the wire would burn up. To protect 
£i5£i!nst SLCh excessive amoifnts o* cur''6'^t. 
fuses or circuit breakers are connected to the 
circuit. When the current gets beyond s safe 
level the fuse blows* breaking the circuit and 
stopping the flow of current 

A fuse consists of a fine wire or thin metal 
strip enclosed in a glass or fire resistant piece 
of tubing Most fuses used m industriat equip- 
ment are of the small replaceable type as 
shown m Figure B-123. 



(e) Use of incorrect size fuses in the cir- 
cuit. 

(f) Fuse located too near a hot area 
such as an engine or a heater. 

(g^ Vibrations near the fuse, causing the 
fuse contacts to cone loose. 

If a fuse is blown by overloading the glass 
will be clear; i* blown from a short circuit 
the glass will be dark. 

If the fuse in a circuit repeatedly blows, 
and no short circuit exists* it means that 
the circuit is ove^^loaded and is not meant 
to carry the loads being placed upon it^ 

Always place a blown fuse with one of 
the same size. Never use a fuse with a 
higher amperage rating as it may cause 
serious damage to the circuit it is sup- 
posed to protect. 




(8-123) 
Coujiesy o\ John Qeere 116 



The fuses for all the circuits in the vehicle are 
located m a central fuse panel whe*e they can 
be easily replaced. 

Points On Fuses 

1 BLOWN FUSES ARE USUALLY CAUSED 

(a) A short circuit in the electrical circuit 
caused by delecttve wiring or a 
defective component (lights, motor* 
etc ) 

(b) An overload in the circuit caused by 
a surge oi electricity passing through 
the Circuit. 

(c) Poor contacts m the electrical circuit 

(d) Overheating in the circ»jit caused by 
overloads or poor contacts. 
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Briefly slate the purpose of the ignition 
system 

What are the two ciiouits of an ignition 
system. State what each circuit consists 
of and what, in general terms, is the 
voltage. 

What IS the purpose of the primary circuit 
in the ignition system'^ 

What occurs in the ignitton co\\ when the 
points open'? 

Self-induced voltage ir^ the primary wir^- 
ding of the coil is absorbed by the. 

(a) wires 
ib) battery 

(c) distributor 

(d) condensor 

The ignition ballast resistor m the 
primary circuit' 

(a> IS connected in series for cranking 

and parallel for operation- 
lb) IS connected to bypass for starting 
ar^d series for operation 

(c) IS used to decrease ignition current 
d'jring cranking 

(d) 1^ only required for dual ignition 
systems. 

ir^ the ignition coii one end of the secon- 
dary winding is connected to the high 
tension terminal and the other end to the 

(a) rotor 

(b) primary winding 

(c) condensor 

(d) points 

How can reverse coil polarity be correc- 
ted^ 

(a) change the battery polarity 

(b) change the ignition coit 

(c) reverse the secondary wires 

(d) reverse the primary wires 

Whjt three |obs must the distributor per- 
form? 



10 The distributor is driven at: 

(a) Crankshaft speed 

(b) one-half crankshaft speed 

(c) twice Crankshaft speed 

(d) one-quarter crankshaft speed 

11- The centrifugal advance mechanism 
controls the spark timing by sensing 
engine' 

(a) temperature 

(b) power 

(c) speed 

(d) oil pressure 

12 A is used in conjunction 

with a centrifugal advance mechanism to 
improve spark timing. 

13 A ballast resistor used in the ignition 
system improves the life of the: 

(a) coti 

(b) condensor 

(c) points 

(d) all the above 

14- A spark plug: 

(a) makes the spark to fire the air-fuel 
mixture 

(b) increases the spark intensity 

(c) controls the spark timing 

(d) provides a gap for the spark to jump 
across inside the combustion cham- 
ber 

15- What term is used for spark plug 
operating temoerature? 

(a) heat travel 

(b) reach 

(c) the nun*er system 

(d) heat range 

16, What determines the heat range of a 
spark plug? 

(a) engine liorsepower 

(b) number of cylinders 

(c) engine design and operating con- 
ditions 

(d) whether the engine is a two ^toke or 
four stroke 
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17 Dwell may be defined as ihe number of 
degrees of cam rotation when the points 
are 

18 As the cam angle increases the spark 
timing will' 

(a) advance 

(b) retard 

(c) not change 

19. What two methods can be used to set the 
points'^ 

20 What are the effects of loose or under- 
lorqued spark plugs? 

21 True or False? Generally speaking, spark 
plugs should be replaced as a set 

22. Tri^e or False'? Bedly fouled plugs should 
be replaced rather than cleaning them, 

23 What effect does filing the gap have on a 
used spark plugs performance? 

24 What IS the recotinTi^nded tool for 
checking spark \j\uo g^P? 

(a) flat feeler gauge 

(b) stepped feeler gauge 

(c) wire leeler gauge 

(d) dial indicator 

2b When adjusfing the initial timing using a 
timing light, rt is recommen:led that the 

engine be and the 

be disconnected 

26 The gauge o* size of electrical wiring 
depends on 

(a) the size of battery 

(b) the tot^il length of the wire in the cir- 
cuit 

(c) the total amperage that the wire will 
carry 

(d) both (b) and (c) are correct 

27 True or False? If a luse keeps blowing 
and there is no short circuit, put in a 
heavier fuse 

28 To obtain the best possible connection 
when replacing wire ends, they should 
be 

(a) crimped on 

(b) pushed on 

(c) soldered on 
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ANSWERS — electric;ty theory 

1, (b) negative to positive. 
2 (c) energy, 

3. True. 

4. Voltage is the force that causes current 
to flow in a conductor. 

5. (d) ohm. 

6. Voltage source, e.g.. battery 
Resistor, e g . light bulb 
Conductor e.g.* copper wire 

7 (a) to (b) 
;b> to (c) 
(c) to (a) 

E 12 

8 I = = _ =3 amperes 

R 4 

9 Any substance that *s a gooci transmitter 
of electricity. 

10 A closed Circuit has a resistor to control 
the ornount of current flowing in the cir- 
cuit In a short circuit the current takes a 
short cut by passing the resistor Sm^e 
tha short circuit has no resistor* current 
becomes very high and will usually burn 
out the conductor {or fuse :f there is 
oneV 

11- - . direci OC 

12- W8*r a measurement of electrical 
pov^er found t c'^yi^Q volts times 
amperes 

13 Series* Parallel* Series-Parallel 

14. (c) low resistarce high amperage. 

15. . _ magnf .c field. Like poles repel, 
unlike poles attract 

16. Bolh have a magnetic field surrounding 
them. The stronger the current m z con- 
ductor, the stronger its magnetic field. 

17. Place an iron core in the center of the 
coil. 

18. (d) ampere turns 

'*9 Electromagnetic induclion 

20 False Either the conductor moving 
acr ss the field or the field across the 
conductor will induce a current. 



21. (a) to (c) 
(b) to (a) 
{c) to (b) 

22. (d) red for positive, black for negative 
23 1. Strength of the magnetic field. 

2. The speed at which the lines of force 
are cut. 

3. The number of conductors cutting 
across the lines of force. 

2^. . . move towards 

25 . . moi'e away from - ■ ^ 
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ANSWERS — BATTERIES 

1 (c) lead peroxide in the positive plate. 

2. negatl/e plate group 
positive plate group 
separators and connecting straps 

3. When it is immersed in the electrolyte 

4. (d) 2- volts. 

5. True- 

6. (d) 1.270 

7. True 

8. (c) water 

9. Prior to use* a dry-charged battery 
retains its full state of charge provided 
no moisture enters the cells, whereas a 
wet charged battery requires periodic 
rftoh^rgiHg to nr>8i'itsin its charge 

10- Wet*charged. 

11. The plates are enclosed in envelopes 
which act as separators, 

12. They require less maintenance* are more 
dependable and will last longer. 

13. Temperature, battery's operating cycle* 
and the slate of the battery's charge. 

14 Cold power rating — the amount of 
power or amperage that a battery will 
supply for starting on cold days. 

Reserve capacity — the period of tim^ 
that a batlery by itself (i.e.* without the 
generator or alternator) wUI supply an 
adequate amount of power to operate a 
vehicle's electrical circuits. 

15 False. 

16. - , , the power fequirements of the 
engine it musi start. 

17. , . , self discharge. 

18 (b) baking soda 

19 (d) water 

20 (c) disconnect the grounded terminal 
cable 

21 (d) all ol Ihe above are necessary. 
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ANSWERS - BATTERY T£«T)NG 

1- (a) a hydrometer 

2 (d) 030 

3. (b) 9.6-volts 
4 Wolt 

5. True 

6. A load test. 
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ANSWERS — BATTERY CHARGING 

1 (b) 7 amps — 7 positive plates and 8 
negative plates, 

2 A slow charger because It does ^ more 
thorough job of chemically renewing the 
plates. 

3 (b) series. 

4 1 The temperature should not exceed 

15 C (125 F) 

1 The electrolyte shot-ldn t become 
ctoudy with sediment. 

5 (b) Hydrogen 

5 False. It IS damaging to batteries to 
Overcharge them 

7 (c) disconnect a battery cable 

8 (a) a longer charge 

9 . off . . 
10 False 
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ANSWERS — STARTER MOTOR 

1 (d) mechanical energy. 

2 True 

3 (b) a force lo be exerted on the con- 
ductor 

4 (c) movement of a niagnettzed core into 
and out of an electromagnetic coiL 

5 The magnetic switch completes the cir- 
cuit between the oattcy and the starter 
motor whereas solenoid not only 
completes the circuit, but also provides a 
mechanical means of shifting the starter 
motor pinion Into mesh with the flywheel 

6 (a) connect two batteries in series for 
starting and in parallel for charging. 

7. 1 Transmits drive torque from the star- 
ter motor to the engine flywheel 

2 Provides a gear reduction. 

8 (c) remove the battery ground strap 

9. Centrifugal force acts on the cou n- 
terweight and causing the pinion to spin 
into and out of mesh with the flywheel. 

10 . . overrun . . . 

11. , , . magnetic . . » solenoid . . . 
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ANSWERS — CHAfiGING SYSTEM 

1^ (b) supplies all current. 

2. (c) a commutalor and brusnes- 

3, 1. opens and closes the charging cir- 

2. prevcnls overcharging of the battery- 

3. limits the generators outout to a safe 
limit 

4, (c) diodes 

5. (a) Limit the voltage to a safe value^ 

6 In a generator current is induced by 
moving conductors through a stationary 
field. 

In an alternator current is induced by 
moving a field by a stationary conductor. 

7, True. 
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ANSWERS ~ JGNmON CIRCUIT 

1 To take low voltage from the battery and 
create nigh voltage to fire the engine. 

2 Primary Circuit — ignition circuit, 
primary winding in coiL points and con- 
denser low voltage. 

Secondary Circuit — secondary winding 
in coil distribution cap and rotor and 
spark plugs; high voltage, 

3 To create and collapse a magnetic field 
in the ignition coil 

4 The magnetic field created by the 
current flow through the primary winding 
collapses across the secondary winding 
inducing a high voltage in the secondary 
winding. 

5 (d) condenser 

6. (b) IS connected to bypass for starting 
and series for operation. 

7 (b) primary winding 

8 (d) reverse the primary wires 

9 1. opens and closes the primary circuit. 

2 times the high voltage surges, 

3 delivers the current to the spark 
plugs. 

10. (b) one-half crankshaft speed. 
11 (c) speed 

12. . . vacuum advance - * - 

13. (d) All of Ihe above. 

14. (d) provides a gap for tfie spark to jt'mp 
across inside the combustion chamber 

15. (d) heat range 

16. (c) engine design and operating con- 
ditions, 

17 . . closed. 

18, (b) retard 

19. Use a dwell meter to set the cam dwell, 
or a feeler gauge to set the point gap. 
The dwell meter is the most accurate 
method. 

20, Poor heat transfer which will shorten 
plug life. 

21. True. 



22. True. 

23. Filing reduces the voltage requirement to 
send a spark across the gap. 

24. (c) wire feeler gauge. 

, 5. . . . idling . . . vacuum line to the advance 

26. (d) both (b) and (c) are correct. 

27. False. 

28. (c) soldered on. 
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ELECTRICITY TASKS 
BATTERIES 

Prevantiva Maintenance On Batteries 

1 . Safely usu jumper cables to start a 
vehicle, 

2. Completely sen/ice a battery: 

(a) Remove the battery using correct 
tools and safety procedures. 

(b) Clean the battery with baking soda 
and water and dry off the case. 

(c) Check the water level and add water 
rf low, 

(d) Test the battery as accurately as you 
have equipment for If you have a bat- 
tery test meter, follow the rr^ter*s 
operating instructions. 

(e) Charge the battc'*'. Get experience 
using both slow and fast chargers. 

(f) Install the battery ensuring that the 
battery box and holddown are in 
good condition. 

STARTING MOTOR AND GENERATOR 
Safety 

1. Practice safety by disconnecting the bat- 
tery before working on any electrical com- 
ponent to prevent short circuits. 

Routine Maintenance Check 

1. Check the condition and tension of the 
generator beit(s}. if necessary adjust the 
tension. If the belt(s) are not serviceable 
install and adjust a new one(s). 

2. Check the condition of the generator 
pulleys, and repair or replace, if 
necessary. Check pulley alignment. 

Service Repair 

1. Remove and install a starter motor and a 
generator usmg the correct tools and 
procedures outlined m the service 
manual 



IGNITION SYSTEM 

1' Service the spark plugs on an engine. 
Remove the plugs* clean* gap and rein- 
stall them* or if the plugs are not ser^ 
viceable replace them with ones of the 
correct type and heat range as stated in 
the service manual. Using a torque 
wrench, tighten the plugs to the torque 
given in the service manual. 

2. If ignition testing equipment is available* 
check and adjust dwell and ignition timing 
to the specifications stated in the service 
manual. 

3. Get experience working with electrical 
wiring: 

(a) Select correct wire sizes. 

(b) Solder wire ends using rosin core 
solder. 

(c) Fuse circuits for a safe amperage 
draw. 

(d) Install a light or similar electrical 
componenti ensuring it has good 
grounding* 
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TRACTOR MOUNTED WINCHES 

A tractor mounted winch (Figure 9-1) is a sim- 
ple gear reduction assembly mounted the 
rear of the machine- By using cables* these 
winches can reel m heavy loads or hold the 
loads while they are dragged The winches 
are driven either by a: 

1- Live power take-off (PT.O ) shaft (Figure 
9-2) from the torque converter 

2. Live PTO^ shaft from a manual trans- 
mtssion (not common today) 

3 Hydraulic motor. 



CONTROL LEVER 




Drums on winches are large* spool-shaped* 
steel castings. They*re driven by the winches 
reduction gearing (Figure 9-3)- Cable (wire 
rope) is attached to the drum and is wour^d 
onto the drum's surface or lagging* 



DRUM 




REDUCTION 
GEARING 



(9-1) 

Courtesy o' H^ier ComPanv 



Contlgnr n*ili flw **o*n (9'3) 

Courtesy of Carco Wmch Products 



Most crawler tractors have single drum win- 
ches However some special application trac- 
tors will use two or more drums and each 
drum will have its own controls- For example, 
multiple drum winches would be usee* on a 
tractor doing yarding work in logging or on a 
tractor working in electrical transmission line 
construction. The discussion in this manual 
limits Itself to single drum winches. 




Courtesy oi CaterpiMar Tractor CoTHpany 
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Cable may be wound onlo the drum m one of 
two ways overwind or underwind Overwind 
Winds from the top of the drum and un- 
derwinds from the bottom (Figure S-4) 




UNDERWINDING 

(9-4) 




(9-4) 

Courtesy o( HvsiSf Compriny 



There are advantages and disadvantages m 
bolh ways of winding. Overwind \i\\s the load 
so It doesn t dig in. but when loads are heavy 
this lilting can cause the tractor lo rear Con- 
ve*^sely. underwind gives a straight pull that 
won't cause the tractor to rear but Ihe load 
will have a tendency to dig in. Unless an un- 
derwind IS requested winches oome from the 
factory set for overwind. 

U IS a major job to change from overwind io 
underwind or vice versa Internal changes to 
bolh the winch gearing and the Itne position 
have to be made. Also, if the machine has an 
automatically applied mechamcal brake, it too 
requires alterations. 

TRACTOR WJNCH RATINGS 

Tractor wmches are rated according to their 
"line pull" and their line speed \ Line pull 
means the maximum amount (in kilograms or 
lbs.) of pulling strength a winch can exert on 
Its cable, while line speed is simply the speed 
ai which the cable travels faster. Line speed 
will vary with the tractor horsepower, the size 
of the drum, and the layers of cable wrapped 
around th^ drum d e.. cable travels slower as 
more ol it wraps around the drum) Drum size 
(re-, cable capacity) is anolher factor in rating 
a winch. One manufacturer s ratings or 
specifications for ils different winch models 
are shown in Figure 9-6 
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TYPES OF SINGLE-DRUM 
TRACTOR*MOUNTED WINCHES 

There are ihree main types of tractor-mounted 
winches 

1, direct drive — sliding gear 

2, power shift — hydraulic control constant 
mesh gear 

3, hydrautic dnve 

Direct drive and power shift winches are 
driven by the tractor engine through use of a 
P.TO. shaft. A hydraulic drive winch is driven 
by a hydraulic motor. 

DJRECT DRIVE SLIDING GEAR 

A simplified view of a direct drive sliding gear 
winch is shown in Figure 9-6. A direct drive 
winch has no clutch. Before the winch can be 
shifted, the master clutch between the engine 
and transmission has to be disengaged so 
that power to the P.T.O. shaft is interrupted. 




t f>TO Shaft 

7 eeVELGEAR 

3 BEVEL SHAFT 

4 ;NOfteoucTio*jf>i*jio*j 

5 2^0fl60UCTlONGEAfl 
G BflAKESHAfT 

7 jNT6AM60iAT£ PjNiON 

e inteam€oiat6 CZAR 

to ORUMGEAft 

12 i^t£RMEOiATE PiNiOM 

13 CLUTCH 

14 SHrFT6ftSHAFT 
l& eftAK6WH€6L 

(9-6) 

COuries-y o' Hys-ter Company 

Figure 9-7 shows the power flow or gear 
movement when the winch is in neutral, for- 
ward and reverse. The shaded gears and 
shafts; are movrng. the unshaded ones are 



stationary. The gear positions would be 
mechanically actuated by a shift lever alter 
the engme clutch had interrupted power to 
the P.T.O. shaft. Note that free spoof for quick 
wind out can be obtained by releasing the 
brake when the winch is in neutral. 




(9-7) NEUTRAL, DtRECT DRIVE 




(9-7) FORWARD, DIRECT DRtVE 




(9-7) REVERSE, DtRECT DRtVE 



CourlfjSV of HyStGf Comt>any 
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Other points al^oul direct c**ive winches 

— Lubrication is by sptash. The winch 
case or housing serves as the Ott reser- 
voir and it has drain, fill, and oil *evel 
plugs 

— Line pull power is controlled by the 
eng»ne speed. 

^ Brakes for these winches are usually 
an external contracting banr'-lype 
located outside the gear cas^ in a 
separate compartment. The band cor- 
tracts around a gear shaft, thus holding 
the ^ear and stopping the drum from 
turning. The brake is a dry-type anu is 
controlled by a tester beside the shift 
lever (Figure 9-8). 




A hydraulic punp, locaied either outside or in- 
side ths winch supplies the pressure and flow 
to operate the ciutch packs. Power shift win- 
ches havf» the advantage over direct drive 
wmchRS of bemg able to winch-in or winch- 
out while the machine is mo^/*ng. Figures 9-9 
and 9-10 show power shift winches. 

Power Shift winches have either a single or 
'Jouble le'jer contro) The double lever Tiodel 
has one leve^ for shifting into fc^jvf^rd. reverse 
or neutral and anotner lever to apply the 
brake A single lever model cirries out all of 
these operations v/ith one lever" the brake is 
applied a- J tomaticaliy when the lever is moved 
from forward or reverse to neutral, and vice 
ve*^a, the braf^e is released when the tever is 
moved from neL.tral to ';ne of the gear^. On 
both models the shifting lever activates the 



FXTt^RfvlAL 
CONTRACTING 
BAND 



SHIFT 
LEVER 



POWER SHIFT W5NCHES 

A power Shift winch has virtually th3 ^ame 
drum and sot of gears as a direct drive winch. 
Both winches are driven by a f.ve P.T.O b.haft 
Where they differ is in the way that the win- 
ches are shifteo To shift a direct drive winch 
the engine master clutch is disengaged and 
the winch s slidihg gear \s mechanically shif- 
ted. Power shift winches* on the other hand* 
have hydraulically activated clutch packs and 
constant mesh gears for shifting. Two clutch 
packs are used, one forward and one reverse 



hydraulic control valve which sends hydraulic 
pressure to apply one of the multi-disc clutch 
packs* The clutch packs then set the constant 
mesh gears in ik forward or reverse mode, 
Genera'ly* brakes on power winches are 
spring applied and hydraulicaltv released The 
brakes are exismal contracting band or multi- 
disc. 

Power bhift winches, tike direct drive wjnches 
can free spool. Some manufacturers offer an 
optional free spool lever which operates a 
disconnect gear that ailows cable to be freely 
drawn from the drum, in Ihe case of a single 
'ever power shift, the tever has a free spool 
position whe^e the wmch is in neutral and the 
brake is not applied Figures 9-9 and 9-10 
show power shift winches, note the clutches 
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The hcusing both powershif* direct 
dr»ve winches servjs as an oh ervojr 
However, lubri-.aiion is only partly by i>p.ash. 
The remarnder of the lubrication (and cooling) 
IS carried out by pressure fed oil The oil is 
pres^^urized from ^ri engine dr'^en pump. 



SflAHe SHAf , 
(NTtftweO Art piNlON 

C^FiOiVl 66 Aft 
f fry*/ 

Oil eftA«:e 

COMTftOL VAVVt 



(9-9) 

Power Controlled 



Courtesy oi Hystef Company 



SUCTION 
^.^v/ STRAINER 



RETURN FILTER 



SQUID BAR 
CABUE GUARD 



MUUTIPUE DISC 
FRICTION CLUTCHES 



CAST STEEU CASE 
(9-10) 



SINGLE UEVER 
CONTPOU 




PRESSURE LUBRICATED 
BEVEU PINION 



SPRING-APPUED. 
HYDRAULiCAUl^Y 
RELEASED BRAKE 



COurl^^SV oi C^irCO '/'^nch PrOduCIS 
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HYDRAULIC WINCHES 

H>draulir winches can be mstalled on any 
vehicle that has an adequate hydraulic 
system They are not limited to crawlers. The 
main advantage of a hydraulic winch over 
FT 0 shaft-tiriven power shift and direct drive 
winches is that the hydraulic winch can be 
mounted wherever ycu wan) it providina that 
hydraulic lines can be connected to it. 

Two 7pes of hydraulic winches, sliding gear 
and planetary, are illustrated in Figures 9-11 
Sid 9-12 and are discussed below. 



Hyd zxjuc Motor— ^ J 
reversible lo \ 
provide 2 speeds \ ; S 
in each ^ -^J^' 

wjnch direction 



Dual ConlrolS- 
separaie brake 
and s^ifi levers 
Jor positive 
cofitroi 




The sliding-gear hydraulic winch works the 
same as the direct drive model described 
earlier The only difference is that it's driven 
by a hydraulic motor rather than by a P.T.O. 
shaft. The hydraulic motor is driven by a 
hydraulic pump mounted on the engine. The 
ptanetary model shown here has two 
planetary gear sets, one in the primary drive 
housing and one in the final drive housing. 
The primary drive housing contains a 
hydraulic motor which drives the sun gear of 
the primary reduction gear set The ring gear 
IS held by a spring-applied brake, and output 
power Is transmitted by the planet carrier to a 
shaft which passes through the center of the 



Solid Bar Cable Guard 



Cast Sieel Case 



Manual Brake v/ith 
reversible band 
Optional 

Overrunning Brake 

(9-11) SLIDING GEAR HYDRAULIC DRIVE WINCH 

Cowftesy of Carco Winch Pioducis 



PRIMARY 
PLANETARY 
REDUCTION 



HYDRAULIC 
GEAR 
MOTOR 




FINAL PLANETARY 
REDUCTION 



WINCH BARREL 

(9-12) PLANETARY HYDRAULIC DRIVE WINCH 

Co<»fiesy 0( Gearmatic Comp,iny 
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winch barrel to the sun gear of the final 
planetary reduclion. The ring gear in the final 
planetary is also held The planet earner is 
conn^icted directly to ihe winch drurp by a 
splmed hub and thus transmits power to the 
drum In this planetary arrangement a double 
reduction is obtained Note that the planetary 
gear sets operate in either direction depen- 
ding on which way the hydraulic motor is 
driven 

Two types of brakes are used on this 
planetary winch; one brake permits a high 
reverse line speed and the other gives a 
uniform line speed in both reel-in and reel-out 
directions- Lubrication is by splash, as it is in 
the sliding gear hydraulic winch. 

Hydraulic planetary winches are very common 
and are available in a variety of sizes and 
capacities. 

Winch clutches, brakes and hydraulic systems 
are described below. 

WINCH BRAKES 

There are two mam types of winch brakes: 



1. External contracting band brakes 

2. Multi-disc brakes 

EXTERNAL CONTRACTING BAND BRAKES 

External contracting band brakes are the 
same type of brakes lhat are used for crawler 
steering. The band brake works m con- 
junction with forward and reverse gears 
giving control over the load when il is being 
raised or lowered. Some band brakes are 
manually applied with a separate lever 
whereas others are applied automatically. 
Automatic brakes are usually spring-applied 
and hydraulic-release. Hand applied brakes 
are used where more accurate winch control 
IS desired, in the powershift winch in Figure 9- 
13 the automatic band brake is shown on the 
winch, while the manual brake is inset. Note 
on the automatic brake the hydraulic release 
cylinder and the large brake apply spring. 
Also note the optional heavy duty brake |ust to 
the left of the large gear driving the drum. 
Some winch models offer dual braking for ad- 
ded safety and load control. This second band 
brake is lever applied. 

OpUortat H98vy 
Ou^ Briki 




J-120-PSC 
OPTIONAL HEAVY 
OUTY BRAKE 
SYSTSM 



(9-13) STANDARD MANUAL BRAKE SYSTEM 

Coijft<>Sv of Carco Winch Producis 
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AUTOMAVIC BRAKE OPERATION 

AUTOMATIC BRAKE ON 
POWERSKIFT WINCHES 

The brake is applied in neutral position 
(Figure 9-14) When the control lever is moved 
away frc ';eutraL eithe* to reel-in or reel-out 
position, oil pressure is fed to the brake 
release cylinder to release the brake At the 
same time oil is sent to the clutch packs to 
engage the clutch. Moving the control back to 
neutral simultaneously releases the clutch 
and dumps oil from the brake release cylinder 
allowing the brakes to be spring applied The 
brake itself can either be a contracting band 
or multi disc 



NEUTRAL 



(9-14) 

Cour<>srv of Cafco Wii^ch Producrs 

AUTOMATIC BRAKES ON DIRECT 
DRIVE WINCHES 

One manufacturer of winches. Hyster. has an 
over-running brake referred to as automatic. 
This brake is offered as an option to the stan- 
dard brake band, its operation is shown in 
Figure 9-15 and described below. 




The brake wheel is held stationary by a brake 
band that ts applied with a lever. The hub is 
splmed to a driven shaft, and the hub and 
pawl assembly rotate around the mside of the 
brake wheel ratchet ring. When cable is 
reeled m. the panel slides over the ratchet 
ring When the control is moved from reel-in 
to neutraL the pawi engages with the nearest 
ratchet tooth and locks the hub to the brake 
wheel automatically stopping any further feed 
out. 

If cable reel-out or free spool is desired the 
bend brake is released by the brake lever. 
When the band is released, the brake wheel 
will revolve with the engaged pawl assembly 
and the cable will feed out> 

This automatic brake can be used for un- 
derwind or overwind. Overwinding is stamped 
on one side of the brake assembly, and un- 
derwinding on the other side (Figure 9-16). 



PAWL 
ASSEMBLY 



DIRECTION 
OF REEL-IN 



BRAKE WHESl 
(S HELD STATIONARY 
BY BRAKE BAND 




BRAKE WHEEL 
RATCHET RING 




RATCHET 
REEL 



(9-15) 



SIDE VIEW 



HUB AND PAWL 
ASSEMBLY ARE 
DRIVEN BY THE 
RRAKE SHAFT 



CourTC^V HystOr ComptldV 



^7777777 



The assembly must be installed on the brake 
shaft so that the desired wind faces outward. 
Also, the brake wheel must match the wind. 
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MULTI-DISC BRAKES 

Some models ol winches are now using an oil 
cooled multi-disc brake simitar lo that in 
Figure 9-17, This disc brake is spring-applied 
by the belleville spring and hydraulically 
released When the tracljr is stopped, or the 
winch control is in neutraU spring pressure 
applies the brake by squeezing the splinded 
discs of the pack together against a pressure 
plate. When the control is moved to reeWn 
(forward) or reel-out (reverse), oil pressure is 
applied to Ihe piston and releases the brakes. 



PRESSURE 
PLATE 



FRICTION DISC, 
(11 REQ'OJ 



THRUST 
RING 



COO LING - 
OIL LINE 



COVER- 



Hue- 



B ^I-LEVILLE 
SPRING 



COOLING OIL' 
OUTLET 
{4 PLACESJ 



.PISTON 
HOUSING 



-PUSH ROD 



SEPARATOR PLATE 
(10 REQ'D) 

PISTON 




PRESSURE INLET 
FITTING 



(9-17) 
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POWER SHIFT CLUTCHES 

Clutch packs used m powershift winches are 
Similar to those used in powershift trans- 
missions and m crawler steering clutches 
The pacKs are multhdisc made up of exter- 
nally splined steel discs alternalrng with rn- 
ternally splined. lined discs (Figure 9-l8) The 
Size of the pack its diameter and thickness, is 
dependent on the size of the winch Clutch 
packs for forward and reverse are usually 
identical on larger winches, but on smaller 
winches the packs for the two gears can vary 
m size Winch clutch packs are hydraulically 
applied and spring released 



Besides lubricating the gear5> oti in the winch 
housing also acts as a hydraulic fluid !o apply 
the clutch packs. Winch oil is usually the 
same type as lhat used in the tractors trans- 
mission. Oil pressuie for the winch is usually 
supplied by an engine driven pump (Figure 9- 
i9). Hoses connect the pump with the winch. 
When the engine is running, the pump cir- 
culates pressurized oil through the (control 
System to apply the clutches and release the 
brake and also to lubricale the winch. Nole 
that the winch housing acis as a radiator lo 
cool the Oil as well as acting as the oil reser- 
voir 



CLUTCH DISCS 




COiidfisv Hysief Company 
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Figure 9-20 shows a winch hydraulic system. 
Note the suction and pressure filters whjch 
protect the pump, control valve, clutches and 
the rest of the system from any contamtnants 
in the oil Also note the relief valve which 
regulates oM pressure in the system 




Courtesy of Hyster Company 




A recent change in winch design by one 
manufacturer includes the hydraulic pump as 
part of the winch unit. The pump if located in- 
ide the winch housing and is c'riven by the 
TO shaft (Figure 9-21). 



FILTER 



Courtesy of Hysior Cornpftf^y 
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The advantage of a winch with a self- 
coniained hydraulic pump is that it eliminates 
the need for hydraulic lines belween the trac- 
tor and the winch ihus greatly simplifying 
removal and installation procedures 
(especially on machines using other back-end 
equipment such as a ripper) The only Imes 
from Jhe wmch to Ihe traclor are a control 
cable and a gauge pressure ime E(»mmaling 
the hydraulic lines means that there is no 
chance Jor a suction hose leak and much less 
chance of contaminating ihe oil when 
removing and installing the winch 

WINCH OPTIONS 

A high capacity drum and a fairlead (Figure 9- 
22) are two examples of options offered for 
wmches A bolt-on fairiead permits the cable 
to be reeled-m at an angle wiihout damaging 
the cable- 




(9-22) Hlgh-capacHy drum 

Courte-^v Of CarCO Winch Products 
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QUESTIONS — TRACTOR MOUNTED 
WINCHES 

1 List the three methods used to drive trac- 
tor mounted winches 

2 Cable may be wound on a drum m one of 
two ways 

(a) Left or right. 

(b) Tight or loose 

(c) Forward or backward 

(d) Overwind o-' underwind. 

3. True or False? Overwind lifis ihe load so 
that It does not dig in. but on a heavy 
load ih^s lifting can cause the iractor to 
rear 

4 Winches are normally shipped from the 
factory set lor 

5 Tractor winches are rated by the 

(a) Line speed. 

(b) Size ol drum 

(c) Line pull in (Kilograms or lbs.). 

(d) (a), (b) and (c) are ali correct. 

6 L\s\ Ihe three common types of tractor 
winches 

7 To shift gears on a sliding gear, iractor 
mounled winch the 

(a) Engine must be slowed down 

(b) Tractors master clutch m-jsi be 
disengaged. 

(c) Tractor must be moving^ 

(d) Transmission musi be in gear 

8. How are gears shifted in a powershift 
winch"^ 

9 Both Sliding gear and powershift win- 
ches depend mainiy on a 

System for lubrication, 

0 What IS the mam advaniage of a 
hydraulic winch over a mechanical drive 
winch'^ 

1 The two common types of h'akes used 
on winches are 

(a) Hydraulic and air, 

(b) Disc and shoe 

(c) Band and multi-disc 

(d) Band and shoe. 



12 On a powershift winch equipped with a 
single lever cont'oL the brake will be: 



(a) 


Spring*app]ied and spring-released. 


(b) 


Hydraulic-applied 
rf leased. 


and 


spring- 


(c) 


Spring-applied 
released. 


and 


hydraulic- 


(d) 


Hydraulic-applied 
released. 


and 


hydraulic- 


On 


a direct drive 


winch 


with an 



automatic ratchel and pawl brake, ihe 
operator may, without releasing the 
brake. 

(a) reelnn. 

(b) reel-out 

(c) do neither, 

14 Besides housing the components and ac- 
ting as the oil reservoir, what other im- 
portant function does the winch housing 
perform? 

15. What IS the function of a fairlead? 

16. What are the two mam hydraulic com- 
ponents that are needed to drive a 
hydraulic winch? 



208 



9:14 



WINCHES 



PREVENTIVE MAINTENANCE SERVICE 
OF TRACTOR MOUNTED WINCHES 

SCHEDULED MAINTENANCE CHECKS 

The location of the winch often hinders its 
maintenance, being situated by itself at Ihe 
back of the tractor, it tends to get forgotten A 
winch, like any other gear componeni, 
requires periodic inspection of the unit and oil 
level checks and oil changes Scheduled oil 
changes are necessary because after a winch 
has worked a complete shift, its housing is 
warm* and when the machine is shut down the 
housing is surrounded by cooL night air. This 
cool air causes condensation to form in the 
housing thereby contaminating the olL If this 
water-contaminated oil is nof changed at 
regular intervals, damage such as premature 
bearing failure or faulty hydraulic control will 
occur 



SAFEGUARD MAINTENANCE Af^D SERVtCE INSPECTION SCHEDULE 





SCHEDULE (Hour/Period) 








ITEM 


8/ 
dy 


50/ 
wk 


500/ 
3 mo 


1000/ 
6 mo 


2000/ 
1 yr 


OUAN 


TYPE 


PROCEDURE 


Oil Level 
(Direct Drive) 




x/ 




C 
H 
A 
N 
G 
E 




18 Gals 


SAE 90 MIL-L' 
2105B, for tem- 
peratures above 
+10*F SAE 10, 
MIL-L-2104B. or 
MIL-L-45199 
Series 3, for tem- 
peratures + 10*F 
and lower 


Check winch on at level 
plug (S) on right side of 
winch Add oH as 
required at plugjS). 
Dram oil at plug(g)and(§), 

NOTE When Checking 
winch oil level on win- 
ches mounted on power* 
shjfnractors stop engme 
to obtain correct reading 


Oil Level 

(Power 

Controlled* 








C 
H 
A 
M 
G 
E 




20 Gals 


Automatic Trans- 
mission Fluid 
'DEXRON" , lor 
temperatures 
above -fO'^F 
SAE 5W. MIL-L- 
2I04B. or MIL-L- 
45199 Series 3, 
for temperatures 
lO^F and lower 


For winches mounted on 
direct drive tractors, 
disengage tractor master 
Clutch to obtain correct 
reading 

CAUTION. If winch is 
new or overhauled dram 
after 50 hours oi 
operation, then flush 
refill, replace pressure 
filter element and service 
suction filter 


Brake and 
Trar^smission 
Compartmer^ts 
tDtroCt Drive) 












Vanable 


Water and oj oil 


Remove Piug(§)and dram 
any accumulation of 
water or oil in brake com- 
partmer^l Replace plug 
(§). Loosen plug © and 
dram any accumulation 
of water a heavy film of 



Following is an example of a Preventive Main- 
tenance Table (Hyster Company) for both a 
direct drive and a power controlled winch. 
The table has two schedules, an hourly 
schedule and a daily-weekly-monthly 
schedule. If Ihe winch (s operated more lhan 
eight hours a day the hourly schedule should 
be followed. If the winch operates eight hours 
or less a day the daily- weekly^monthly 
schedule should be used. The alphabetical 
letters in the table refer to letters in Figures 9- 
23 following the table. 
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SAFEGUARD MAINTENANCE AND SERVICE INSPECTION SCHEDULE 





SCHEDULE (Hour Period) 








ITEM 


cJy 


50 
wk 


500/ 
3 mo 


6 mo 


2000/ 
1 yr 


OUAN 


TYPE 


PROCEDURE 


^KiioiTiauc 
Srake 
(Optional 
Direct Drive 
Only) IConl \ 








S 
E 
R 

V 
1 

C 
E 






Mobil Oil 
(Mobil-iemp 
Grease #1) 

Shell Oil 

(Darina Grease D 

Standard Oil 
(Chevron indus- 
trial Grease' 

Texaco (Ther- 
maiex EP rfl) 

Union Oi? 
(Strona HT-1 ) 

Sun Oil (Suna- 
plex 991 EP) 

BP Australia 
(Energrease 
HTe2) 


high temperature grease 
or» ratchet ring, pawl 
assembly, and hub DO 
NOT completely hll 
automatic brake assem- 
bly wtlh grease or at- 
tempt to grease brr^e 
through the ver^t plug. 

CAUTION Always mstatl 
oil seals so ihhx ^ps of 
both seals are pointing 
inward 


Cable Gujde 

Rons 

(Optionat) 


\' 












MuUi-purpOSe 
Grease 


Lubricate two grease 
fittings©. 


Fairiead 
(Opt(Onal) 














Multi-purpose 
Grease 


Lubricate six grease 
fittmgS® 


Gw(veling 

Drawbiir 

^OptiOnat^ 














Multi-purpose 
Grease 


Lubricaje one grease 
fitting®. 


Pressure 
Filter (Power 
Conlroued 
OniyJ 






C 
H 
A 
N 
G 
E 






One 


Refer to Parts 
Manual 


Replace wUh HySter ap- 
proved filter element ®» 
Coat 0-rjng and backup 
ring with multi-purpose 
grease to ensure a leak 
proof seal between fNter 
and case 


Sevel Gear 
Shaft Locknut 






\ 








Refer to Pans 
Manual if neces- 
sary to replace 
lock washer 


Pry lockwasher tangs 
away from locknut flats 
and retrghten locknut to 
200 ft-ibs torque Send 
lockwasher tangs over 
locknut flats transmission 
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SAFEGUARD MAINTENANCE AND SERVICE INSPECTION SCHEDULE 





SCHEDULE (HourPeriOd* 








1 1 wIVl 


8^ 
dy 


50 
wk 


500.' 
3 mo 


1000 

6 mo 


2000. 
1 yr 


nt 1 AW 


TYPP 


r rVv U t rv t 


Broke and 
Transmission 
Compartments 
(Direct Drive) 
(Cont ) 
















compartment Tighten 
piog{g)when Oil appears. 


Handling Gear 












Few 
drops 


SaE 30 


Lubncaie fulcrum pin 
connections and other 
moving parts at end of 
each ^igtit hour shid 


Suction Filter 
(Power Con- 
tfOHed Only) 






S 
E 

R 

V 

C 
E 






One 


Reler lo Parts 
Manual 


Remove suction lilter{|) 
clean thoroughly- and 
reinstall 

CauTIOW If winch 'S new 
or Overhauled, remove 
sucdon fiiter(f)af(er first 
50 hours Of operation- 
clean Ihoroughly and 
reinstall 

CAUTIOW Sucnon 
manifold cover gaske* 
must be in good con- 
dition (0 prevent air 
leaks Replace wUh 
Hys(er approved gasket 


SuCt(On Hose 
C lamps 
(Power Con- 

t^*^ IIa^ a lilt 

(runea *Jniyj 




f 

V 












Check both ends of suc- 
tion hose to see that hose 
clamps are TIGHT 

ntfiign^^M nose lamps as 

necessary 


COrtirOi Cobles 




\ 












Check both ends of each 
cable housing to see that 
they are securely an- 
chored Reiighten set 
screw U-boit* or bracket 

w»nch end of power con- 
uo\ cable for condition of 
roll pin anchor 


Automatic 
Brake 
(Opdonal 
Direct Drtve 
0^»j) 








S 
E 
rj 

V 

c 

E 






High tempera- 
ture grease as 
follows 

Atlandc Rich- 
Ue\6 (Thermo- 
grease) 


Remove automatic brake ! 
assembly {£)t Disassemble 
and clean automatic 
brake assembly com- 
ponents Pack the two 
bearings wilh a tem- 
perature grease 
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Figure (9-24) shows the two filters and their 
locations on one model of winch. Wfien 
replacing filters, be sure to clean the 
housings thoroughly and install new seal 
rings Also check for leaks after start up 



Service Instaictions 




SUCTION FILTER PRESSURE FILTER 



^9*24) SUCTION AND PRESSURE FILTERS, POWER CONTROLLED WINCH 

Coorif^ty oi hiytier Company 
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WINCH ADJUSTMENTS 

DIRECT DRIVE WINCHES 

Direct drive winches require periodic (1) 
tightening oi the brake to compensale for nor- 
mal running wear, and (2) minor adjustments 
to the control linkages These adjustments 
can be made quickly Below are examples of 
typical brake and hnkage adjustment 
procedures 




(9-25) BRAKE BAND ADJUSTMENT 
DIAGRAM DiR::CT DRIVE WiNCH 

Court^?Sy of HySi^f ComP^ny 



To adjust the brake band, proceed as follows 
(Figure 9-25) 

1 Remove the small brake cover from the 
l^ft-hand side of the winch 

2 Push the brake handle ver to its full 
release position 

3 Loosen jam nut A 

A Turn adjusting link B until there is ap- 
proximately I 32-inch clearance between 
the brake band and brake wheel or until 
(here IS just enough clearance to prevent 
brake drag" 

5 Tighten jam nut A 

6 Replace the brake cover 



To adjust the positioning ol the Brake Hand- 
lever proceed as follows (Figure 9-26) 

1 Adjust the brake band. 



2 Loosen cable rod-end jam nut 

3 Adjust the control cable at the winch con- 
trol housing-end until dimension C is ob- 
tained (distance between the cable-end 
and the centerline of the rod-end pin). 

4 Tighten the jam nut 

5 Push the Brake Handlever to the lull 
release position. 

(> Adjust the push-pull cable at the Brake 
Handlever end until dimension D is ob- 
tained Tighten jam nut. 




fl- 2-5/8" B= 15/16" t'1/8" D=4-3/4" 



(9-26) ADJUSTMENT Of BRAKE LINKAGE 
DIRECT DRIVE WINCH 

Cokirtesy of Hysier Company 

POWER SHIFT WINCH ADJUSTMENT 

Power controlled winches require Jl) ad- 
justments on mechanical parts such as band 
brakes (note multi-disc oil controlled brakes 
don t need adjusting) and (2) pressure checks 
and adjustments on the hydraulic system 
Check service manuals lor checks and ad- 
justments on individual powershifl winches 

Figure 9-27 gives an example of the pressure 
checks called for by one manufacturer. These 
checks would be done with the hydraulic test 
box described earlier to test crawler brake 
and clutch hydraulic controls. If the pressure 
at any point is not within the allowable limits, 
the service manual will list the likely causes 
and stale what service repairs would have to 
be done to correct the problem. Always make 
these pressure tests to locate ihe probelm 
before removing a winch. Us quite likely the 
winch may not have to come off. 
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PRESSURE, PSI 


PRESSURE 
PDRT 


FORWARD 


NEUTRAL 


REVERSE 


BRAKE 

OFF 


A 


220 (±101 


35 MAX, 


220(110} 


220 f±5) 


8 


220(110} 


2-5 


2-5 


2-5 


C 


25 


2-5 


220(110} 


2-5 


D 


220 {±10} 


2-5 


220 (110) 


220 (1101 


E 


15-30 


10-13 


15-30 


15-30 




(9-27) HYDRAULJC system pressure checks Coana^i Hy^rer COfnf?,iny 



RFMOVAL AND INSTALLATION OF 
TRACTOR MOUNTED WINCHES 

To remove a tractor mounted winch follow the 
step by step procedures outlined *n the ser- 
vice manual. Because of thetr weight, safety is 
a mam concern when removing winches. The 
average wmch will require a hfting device 
with a minimum capacity of 3000 lbs, (1360.8 
kg) Cleanliness is also an important concern 



in winch removal for example, before un- 
bolting the winch clean the winch and tne 
rear of the tractor to prevent dirt from entering 
the Winch housing or the tractor transmission 
case Another clean work practice is to cover 
the opening in the rear of the tractor after 
removing the wmch and PTO shaft Typical 
removal procedures for a Powershift Winch 
are given in Figure 9-28. 
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Note that removal of Ihe winch s pump from 
the tractor requires a separate set of 
procedures that vvill be found in the service 
manual 



Warning: 



If winch IS to be disassembled the 
cable must b*^ removed. Use ex- 
treme care wnen removing the 
cabie^end ferrule from th^ drum 
When the cjble lock is reinoved. 
the cable may spring ou* with ex- 
treme force. 

VIEW FROM TOP OF WINCH 
INTAKE MANIFOLD 




SUCTION 

HOse 



PUMP r 

PRF<^SURe 
LINE 

CONTROL 
CABLE 
GAUGE 
PRESSURE 
LINE 



STEP 1 Remove suction hose from intake 
manifold Disconnect pump pressure 
line Disconnect ^auge pressure \tr,o 



CONTROL 
VALVE 




STEP 2 Remove access cover plate Remove cot- 
ter pin and detach blade end ol control 
cable from control valve spool clevis. 
Remove capscrew holding cable bracket 
to housing, and pull out control cable If 
necessary to remove cable bracket, 
remove roll pin. 



7/8 IN UNC 
X 2 1/2 IN 
(63,50 mm) 
CAPSCREWS 
(2REQ'D) 



3000 lbs, 
(1360,8 kg) 
MINIMUM 




STEP 3, Connect lifting device to winch. 

Winch will be balanced when connected 
as shown. 



STEP 4, Drain the oil fiom the winch. 



SUCTION 
MANIFOLD J 



COVER 



2 Reo, 

UNSIDe) 




\ \ \ ^ I 




2 REQ 
(OUTSIDE) 



4ReQ / 
(OUTSIDE) 



MOUNTING 
PAD 



STEP 5. Remove suction manifold and cover 

Remove the eight nuts and lockwashers 
attaching winch to mounting pad- 
NOtE- When removing the eight nuts, loosen 
all nuts slightly, then pry winch away 
from mounting pad. Loosen all nuts 
again and p^y winch again. Continue 
this se<Huence until winch can be 
removed. 



(9-28) 



214 



9:22 



WINCHES 



QUESTIONS — MAINTENANCE AND REPAIR 
OF TRACTOR MOUNTED WINCHES 

1 True or False'^ Because of ihe heavy 
weight of winches, safely is a mam con- 
cern when removing ihem. 

2 What IS the main source ol oil con- 
tamination on tractor mounted winches'^ 

3 Ha wjnch is operated for less than eight 
hours a day. what maintenance schedule 
IS recommended? 

(a) Hoorly maintenance schedule 

(b) Daily, weekly, monthly schedule 

(c) Once a year checks are enough 

(d) Maintenance only when required 

4 Referring to the section taken from a ser- 
vice manoal on v^inch maintenance, find 
the interval at which the suction filter 
should be serviced 

5 True or False*^ Winch band brakes reqoire 
no periodic adjustments. 

6 True or False'? Multi-disc brakes require 
no periodic adjustment. 

7 What instrument is used to test the 
hydraulic controls on a power shift winch'? 




f9-29J 



Courtesy ol eucyrus^ene Co 



Winch installation procedures will be found m 
the service manual. Having installed the 
winch and reconnected all the fittings, check 
the following prior to operating the winch. 

1 No leakage. 

2 Proper orl levels. 

3 All mounting nuts are tightened to 
specifications. 

4 All covers are securely installed. 

5 All hydraulic hoses are properly routed to 
prevent chafing. 

6 The hydraulic pump is primed The pump 
should have been primed during in- 
stallation by filling the suction hose with 
hydraulic oil. 

HOIST WINCHES FOR CRANES. 
EXCAVATORS AND YARDERS 

The history ol cable operated machines goes 
back a long time. Steam driven, partial swing 
shovels were made over 140 years ago. 
During the years steam changed to diese) or 
electric, the partial swing became a full 360 
swing, and new versions ol cable machines 
appeared such as a dragline, a clamshell, a 
hoe. 

UntM about i960 nearly all excavator shovels 
powered their buckets by cable vvinding on 
and off drums Today cable-drum systems on 
excavators have ail but disappeared having 
been replaced by hydrauiicaliy operated 
buckets Cable operation, however, is still 
widely used lor cranes, draglines, clamshells 
(Figure 9-30) logging yarders and loaders, and 
large electric mine shovels Cable machines 
are divided into three masn sections (Figure 9- 
29) 

1 lower worlds (can be crawler mounted or 
truck mounted) 

2 upper works (the revolving unit) 

3 front end (the attachments) 

An even simpler division is to speak ol (l) the 
basic machine and (2) the convertibility The 
basic machine is the lower and upper works. 
The convertibility is the front end and is so 
named because front ends are convertible 
depending on the lype of work it is to do a 
basic machine can have a crane, a clamsheiL 
a shovel a dragline mounted to it Note that 
not all cable machines are convertible Large 
mining shovels, lor example, are made for 
only one |ob and have a permanently mounted 
front end 
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Crawler Machine 




Crane 

(9-30) 

Courtesy of Bucyrus-Ene Co 
ol Canada Ltd 
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HOIST WINCHES 

Tractor mounted winches, as discussed 
earlier, run independently oi ihe mam tractor 
operations, a single drum is mounted al the 
back oi the tractor and is used when needed. 
On the other hand, hoist winches lor cranes, 
excavators and yarders are an integral part of 
the machine's working machinery. They are 
mounted on the upper works and are used to 
operate the machines digging, lifting, 
shoveling implement (Figure 9-31). Multiple 




(9-3t) 
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CABLE OPERATION 

There arc a number of cable ctrcuils on a 
hoist winch system and the cable in each cir- 
cuit IS always tight In any given circuit one 
end of cable is attached to a drurr. while the 
other end is threaded or reeved over a number 
of sheaves and Ihen :s either (i) fastened to a 
part of the working implement (2) returned to 
the drum and fastened at a different location 
of the drum or (3) fastened to a fjxed point on 
the machme. Through the actions of clutches 
and brakes, cable is reeled on and off the 
drums to control the movement of the bucket, 
boom, load, etc 

CABLE OPERATIONS ON 
LOGGING YARDERS 

Earlier u was said that cable was always tight 
in hoist winch systems. One exception to this 
rule IS a logging yarder (Figure 9-32) Yarders 
use much larger drums and considerably 
more cable than shovels or cranes, and the 
cable runs a lot looser. 

There are numerous ways yarders can be 
rigged, one way is shown m Figure 9-33. Apart 
from al* ihe guy lines, this yarder cable system 
basically consists of three lines- (1) a 
stationary line (skyline) on which the carriage 
runs (2) a haul-in line (mam line) and (3) a 
haul-back line The haul-back Ime runs on 
sheave blocks that are attached to stumps 



The main line and the haul^back lines each 
have their own drums and are attached at the 
carriage. The mam line drum is larger be- 
cause It does the heavy work. Logs are at- 
tached to the carriage by choker cables. ar*d 
the main line puMs in the logs on the skyline. 
The logs are released at their desired location 
near the yarder. and the haul back line pulls 
the carriage back out again on the skyline to 
pick up more logs. 




Co i ^l S M.lMl Ltd 




HAUL QACK LINi. 



(9-33) 
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BASIC WINCH ASSEMBLY 



There are a number of differences m hoist 
winches such as size, ways of mounting and 
activating mechanisms. A common hoist 
winch arrangement is shown in Fjgure 9-34; 
this winch IS convertible and can be rigged for 
an excavator, hoe, crane, dragline or a clam- 
shell 



SWING - PROPEL 
CLUTCH GEAR 



FRONT DRUM 



SWING - PROPEL 
CLUTCHES 



HOR SWING - 
PROPEL SHAFT 



TRANS. 
SHAFT 



CHAIN 
DRIVE 



CLUTCH 
(RAISING) 



GEAR DRIVE 
(RAISING) 




CLUTCH 
and BRAKE 



REAR DRUM 



BOOM HOlST DRUM 
I * 



MULTIPLE STRAND 
CHAIN DRIVE 



(9-34) 



Courtesy ol 8gcyTt;s-£ne Co 
of Canada Ltd 
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This basic hoist winch arrangement consists 
of two main drum shaft units, one front and 
one rear, plus a small hoist drum further to the 
rear. The drums are not m line but are parallel. 
Mounted crossways near the centre of the 
revolving platform, the drums are positioned 
to give balance to the whole assembly. The 
main drum shaft units are supported by 
bearings that rest m precision bored supports 
in the machinery deck. Older machines used 
bronze or babbitt bearings but modern 
machines use anti-friction bearings. The 
bearings and supports ensure perfect shaft 
alignment and gear fit. Figures 9-35 and 9-36 
show two examples of drum shafts resting in 
beanno saddles. In Figure 9-35 caps are used 
to retain the shaft assembly in place; in Figure 
9-36 the upper half of the gear case forms the 
bearing cap 



HOIST DRUM :.?c3v;&Ly 



BEARING 
SADDLES 



Cok>rieSy o( S hAa6il\ Lid (9-35) 





INTERMEDIATE HOIST 
PINION SHAFT 



HOIST BRAKE 



HOIST BRAKE SHAFT 
{9-36) 

Couriesy of Hannischfeger Corporation 
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DRUM OPERATION 

As \s seen in Figure 9-37> drums are mounted 
on bearings over the drum shafts, and thus a 
drum shaft can rotate without turning the 
drum. The internal expanding clutch assembly 
<s attached by a clutch shaft to the drum shaft 
When the clutch is engaged the drum shaft 
drives the drum; when the clutch (S 
disengaged the drum shaft and clutch rotate 
freely mside the drum An external con- 
tracting banJ brake encircles the drum. 



BEARING 



SHAFT 



1 , BRAKE 



CLUTCH 




DRIVER 
OR CLUTCH 
SHAFT 



(9^37) 



Courtesy ot Bucyru$-£fie Co 
of Canada Lid. 
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V^INCH POWER TRAIN 

Figure 9-38 illustrates a winch power train 
The power unit dmes Ihe transfer shafi ^md 
gears by a drive chain (muftiple strand) The 
small gear on the transler shaft (dotted lines 
behind the targe transfer gear) is meshed ?**th 
the large gear on the rear drum shaft which m 
turn js meshed wjih ihe large gear on the front 
drL*m shaft When the power unit is running, 
all Ihe parts shown are turning Nute that wtth 
th*s gear arrangement, the front and rear drum 
shaft rotations are opoosjte 



Engaging a drum clutch witl cause the shcift 
and drum to turn as a unit, thereby reeling in 
the cable attached to the drum Releasing the 
clutch puts the arum in a free state and any 
pull on the cable will turn the drum and cable 
will be reeled out. The cable and drum can be 
stopped and held by the band brake 

The brake just mentioned works independent 
of the clutch Some wjnch br^es on the other 
hand, operate in conjunctioiS^with the clutch 
When the clutch is engaged the brake 
auiomaiicaffy releases and* vice versa when 
the clutch IS disengaged the brake is applied 




(9-38) 
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A variation on the basic hojst winch assembly 
discussed above is to add an additional clutch 
to each of the front and rear drum shafts 
(Figure 9-39). These clutches allow a load to 
be lowered under power 

POWER LOWERING 
CLUTCH 
(REAR DRUM) 



POWER LOWERING 
SOTH DRUMS 



FRONT DRUM 



SWING — PROPEL' 
CLUTCH GEAR 



SWING— PROPEL 
CLUTCHES 



HOR. SWING — 
PROPEL SHAFT 




TRANS. 
SHAFT 



CHAIN' 
DRIVE 



CLUTCH 
fRAlSiNG) 

GEAR DRIVE 
(RAISING) 



REAR DRUM 
DRUM SHAFT GEAR 

..CHAIN DRIVE 
(LOWERING) 




\ 



POWER LOWERING 
CLUTCH 
(FRONT DRUM) 



-CLUTCH & BRAKE 
(LOWERING^ 



-BOOM HOlST DRUM 



POWER UNIT 



MULTIPLE STRAND 
CHAIN DRIV(= 



o 



(9-39) 



Counesy of Bucvrus-Eno Cq 
af C^nddd Ltd 
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Each of the power lowering clutches has a 
sprocket attached to it. This sprocket is con- 
nected by a drive chain to a sprocket on the 
opposite hoisl drum- Notice what happens 
when a load is towered under power from the 
froni drum: 

1 Remember from the description on winch 
power flow that the two drum shafts turn in 
opposite directions 

2 When the load is to be lowered from the 
front drum^ the drum's main clutch is 
disengaged, leaving the drum *ree to 
rotate in either direction- Of course, the 
drum will be braked until everything \s set 
for the load to be lowered. 

3 Attached to the rear drum shaft, the power 
lower clutch for the front drum is 
engaged, thus engaging the drive chain 
and causing the rear drum shaft to drive 
the fronI drum 

4. Since the rear drum shaft turns m a direc- 
tion opposite to the front, the front drum 
will unwind or lower the load under power- 

This procedure would work in reverse to lower 
a toad from the rear drum. 




(9-40) YAROER drum Counesy o( S Maddi lw 



DRUMS AND DRUM LAGGING 

Drums are made in various diameters, line 
capacities- and shapes to suit the work a 
machine must do A yarder drum (Figure 9-40) 
for example, has o high capacity drum be- 
cause it uses a lot of cable 
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The drum working surlacG or the surface on 
whrch the cable wmds is called Ihe drum 
lagging Laggmg is made in split halves 
whfch a^e bolted to the drum frame There are 
two mam t/oes ol lagging, grooved lagging 
and smooth tapered lagging. Thickness is an 
important characteristic m lagging. Because 
It increases the drum diameter a thicker 
lagging will give faster line speed but the line 
will run with less power. On the other hand, a 
thinner lagging witl give more line power but 
slower line speed. Since lagging is bolted on. 
It IS convertible, the type of lagging and its 
thickness may be changed to suit the par- 
ticular front-end attachment mounted to the 
machine Figure 9-41 illustrates types of 
lagging. 




SPLIT LAGGING WITH GROOVES 
(9^41) 




POWER LOAD 
LOWERING CLUTCH 



KOlST CLUTCH 
AND BRAKE 



GROOVED LAGGING 



SWING CLUTCa 
(9-41) 



SMOOTH TAPERED LAGGING 



Couriesy oi Sucyrvs^Ene Co. 
ol Canada Ltd 



Grooved lagging guides the cable into place 
and prevents the cable from flattening 
Smooth tapered lagging works in the 
following way the cable is anchored to the 
small diameter end As the cable is reeled in 
each wrap slides on the smooth surface 
towards the narrow diameter end until snug 
against the previous wrap Thus the cable 
wjnds evenly on the drum The types of 
lagging by d^ffeient front ends are listed 
below 



fVlagnet Work: 

Hoisting 
Pull In 

Draglrne; 

Hoisting 
Pull In 



Grooved Lagging 
Smooth Lagging 



Grooved Lagging 
Grooved Lagging 



Hook and Clamshell: 



Controlled Load Lowering: 

Hoisting — Smooth Lagging 
Lowering Smooth Lagging 

Following are instructions for installing 
lagging Lagging installation is relatively sim- 
ple provided you observe the following items 

1 Clean the bolted surfaces of both the 
drum and the fagging to remove burrs, 
rust and paint If the mating surfaces are 
not luite flat, tightening t!ie bolts will 
result in warping the drum slightly This 
will p'-oduce unequal braking and brake 
lining wear 

2 Be Sure to line up the lagging wrth the 
lubrication fittings so the drum bearings 
may be sen^iced easily when necessary 

3 Torque the bolts in a cross pattern 



Holding Smooth Lagging 
Closing - Smooth Lagging 
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HOiST WINCH CLUTCHES 
BRAKES AND CONTROLS 

BASIC HOIST WINCH BRAKE 

The external conlracling band brake has been 
used for many years on horst winches and is 
still used today. The band is wrapped around 
the outside of the brake drum (hke a steering 
clutch brake) and has lining riveted to its in- 
side face Smaller bands are one piece: 
generally, larger bands are two or more sec- 
lions bolted together to form the circle. The 
sections make the large bands easier to 
remove and install The ends of the bands 
have eyes to :onnect the bands to their ac- 
tuafmg mechanism The complete band brake 
and control assembly is attached to the main 
frame on the machine. The band brake in 
Figure 9-42 is spring-applied and cir-released. 



CLUTCH SHOE 



BRAKE 




AIR CHAM&ER 



SPRING 



(9^42) 

Courtesy of Bucyrus*Erie Co 
of Canada Ltd 

Various types of c;ontrols have been used with 
band brakes - manual linkage, hydraulic, 
spring apply — air release* and full air Air 
controlled <s most common today. 

BASIC HOIST WINCH CLUTCH 

Like the band brake, the expanding shoe 
clutch (Figure 9-43) has been used for many 
years on hoist vvinches This clulch works 
sjmilar to the whe^l brake principle of a shoe 
contacting a drum The difference, though, is 
that With a brake the shoe must stop Ihe drum, 
whereas with a clutch Ihe shoe must join itself 
by friction fo the drum to drive it 




(9-43) 



YUNOER 
(APPLY CLUTCH) 



Courtesy of Sucyrus-Erie Co 
of Canada Ltd 



In a hoist winch the clutch shoes and ac- 
tuating mechanism are mounted to the clutch 
assembly. The clutch assembly is splined or 
keyed to the drum sliaft and revolves with it. 
The friction surface that the clutch acts 
against is the inside of the brake drum. Clutch 
shoes have lining material riveted to their 
outer surface. The shoes are mounted on the 
clutch assembly so that they pivot at one end 
and move toward the frictjon surface at the 
other end. Actuation for the shoes is by 
hydraulic or air cylinders. Once the cylinders 
have expanded the shoes the clutch joins the 
drum shaft with the cable drum and the Iwo 
rotate together 

Besides expanding shoe clutches, hoist win- 
ches use external contracting band clutches 
Contracting band clutches are applied where 
the winch band brake would normally be 
positioned and so the brake has to be moved 
to ar^other location These clutches are 
hydraulic or air actuated 



226 



9:34 



WtNCHES 



Demands for clutches and brakes whtch will 
withstand heavier loads and will require less 
maintenance have brought advances in the 
basic band brake and expandmg or con- 
tracting shoe clutch Three examples ol these 
new clutches are" 

1 Expanding air tube, multi-disc clutches, 
Witchita Clutches (Figure 9-44) as one 
common type of these clutches ^ called, 
are frequently used on logging yarders. 
When air is applied to the air tube the 
discs and pressure plates are squeezed 
together to provide the drive. Not shown in 
Figure 9-44 is the drum which surrounds 
the clutch assembly. The drum is the 
driven member and the hub which is 
keyed to a shalt is the drive. A witchita 
clutch setup IS similar to a steering clutch 
used on a crawler. 



EXPANDING 

AIR Tuees 

FRICTION 
DISCS 





(9-44) WITCHITA AIR CLUTCH 



Wirchiia Company 



Expanding air tube brakes are also made. 
Instead of the one or two discs on air clut- 
ches, expanding air tube brakes have a 
number oi discs 

Air tube clulches used m conjunction with 
a contracting band clutch. The atr tube 
and band assembly surround the drum 
When air is applied to the air tubes, the 
band shoes are lorced towards the drum, 
)Oining the two and providing a drive. 



Coi>ft€sy of Fawick Co 



Magnetic clutches are used where elec^ 
trie power IS available such as on an elec- 
tric mining shovel They are called 
Magnetorque Clutches (Figure 9-46). 



OUTER MEMBER 



CLUTCH- 
SHAFT 



I^^JER MEMBER 




PINION 
SLEEVE 



(9-46) A SIMPLIFIED VIEW OF 
THE MAGNETORQUE 

CourlOsy of HarnJSChfeger C0rP0rilIiOr> P&H 
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The clutch shaft and outer magnetorque 
member are driven by the main motor. 
Since the mner magnetorque member is 
separated from the outer member by 
bearings, the driven outer magnetorque 
can turn without causing the mner mem- 
ber to rotate. Only when the inner and 
outer members of the magnetorque are 
coupled together magnetically, do both 
members turn When the operator places 
the hoist controller in the ON position, the 
outer driven member coils ar^ energized, 
thus creatmg a strong magnetic field 
which couples the driven outer member to 
the inner member. When the inner 
magnetorque unit turns, the pinion sleeve 
drives the hoist drum 

Magnetorque characteristics are such 
that a slrght slip between the inner and 
outer members will cause a large increase 
in the amount of torque delivered by the 
magnetorque. 

The repair oi a magnetorque unit requires, 
in most cases, that the entire unit and 
clutch shaft be removed 



CAB CONTROLS 
FOR CLUTCHES AND BRAKES 

Examples of mechanical and air cab controls 
for hoist winch clutches and brakes are 
shown m Figure 9,47 





(9-47) AIR CONTROLS 



Cotifte&y of Bucyrus-Ene Co. 
of Canada Ltd. 

Two types of valves are used on air controls. 
Graduated valves are used where variable 
touch control is desired and poppet valves 
where the response must be fast and im- 
medtate 

HOIST WINCHES ON 
HYDRAULIC CRANES 

Hydraulic hoist winches are used on modern 
hydraulic cranes. The power train to operate 
the winches is as follows: the crane engine 
drives hydraulic pump(s). the pumps generate 
the flow and pressure to operate hydraulic 
motoris). and the motors drive the hoist win- 
ches. By eliminating the mechanical gear 
train, drive and control mechanisms these 
hydraulic winches have greatly simplified the 
winch assemblies and deck machinery of 
mechanical hoist winches. Hydraulic winches 
take less space, have simpler controls, and 
require fewer adjustments. 

Depending on the manufacturer, hydraulic 
hoist winch controls may be direct control or 
pilot control. However, the trend on hydraulic 
cranes and on other hydraulic machines is 
towards pilot controlled valving. 



(9-47) MeCHANJCAL CONTROLS 

Couriesy oi Bucyrus-Ene Co 
of Canada Ltd 
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Figure 9-48 shows a simplified view of the 
mam hoist drum on a hydraulic crane Not 
shown, but also usually found on the crane, 
are auxiliary winches (1 or more) for sup- 
plemenlary hoisting 



MAIN HOIST CIRCUIT 



MAIN HOIST 
CONTROL LINKAGE 



CONTROL 
VALVES 



FREE FALL 
CLUTCH CYLINDER 





COUNTERBALANCE 
VALVE 



HYDRAULJC 
MOTOR 



AUTOMATIC BRAKE 
RELEASE CYLINDER 



AUTOMATIC BRAKE 



MECHANICAL 
BRAKE BAND 



(9-48) 



Courtesy o( Bucvms^Ene Co 
oi Canada L(0 
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QUESTIONS — HOIST WINCHES 

1 Relernng to a cable machine, briefly 
state what is meant by 

(a) the basic machine 

(b) the convertibility 

2 In contrast with tractor mounted win- 
ches. the cables on shovel hoist win- 
ches 

(a) are smaller 

(b) run tight at all times, 

(c) run within a number of closed cir- 
cuits 

(d) are larger 

<e) both (b) and (c) are nght. 

3 Compared to a cable on a shovel or a 
crane, loggmg yarder cahle is 

(a) shorter and runs tighter 

(b) longer and runs looser 

(c) Shorter and runs looser, 

(d) longer and runs tighter 

4 List three basic ways in which hoist win- 
ches differ 

5 Power to drive a hoist drum is trans- 
mitted from the drum shaJt to the drum 
by 

(a) 3 clutch. 

(b) a brake 

(c) a combinatior' clutch and brake, 

(d) gears 

6 What prevents a drum from free wheeling 
when the drive is disconnected? 

(a) clutch brake 

(b) clutch 

(c) brake 

(d) mechanical lock 

7 When power lowering is desired for a 
front hoist drum, the power lowering 
clutch would be mounted on the 

(a) rear drum shaft. 

(b) front drum shaft 

(c) mam drive shaft, 

(d) horizontal propel shaft 



8. How would the drums on a logging yar- 
der differ from those used on a crane or 
shovel? 

9. What are the two common types of drum 
lagging? 

10. Increasing the thickness of the lagging 
increases the drum diameter and causes 
the line speed to 

(a) decrease, 

(b) increase. 

(c) stay the same, 

11. True or False? In controlled load raismg 
and lowering* smooth drum lagging is 
used 

12. What IS the advantage of making large 
brake bands in multiple pieces rather 
than in one piece? 

13. The most common method for applying 
hoist winch brakes on today's machines 
IS by 

14 Give two methods used to apply shoe or 
band clutches on winches 

15, What advantage do multi-disc expanding 
air tube clutches and brakes have over 
the older designed expanding shoe and 
contracting band ones. 

16 The drive and driven members on a 
machine using magnatorque clutches 
are coupled together by 

(a) fnclion. 

(b) heal, 

(c) mechanical force. 

(d) magnetic field 

17, True or False? I^agnetorque clutch 
characteristics are such that a slight in- 
crease in slip between the drive and 
driven members will cause a large 
decrease m the torque delivered by the 
magnetorque. 

18. What are the advanlages of a 
hydraulicafly driven hoist winch over a 
mechanical hoist winch'? 
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REMOVAL AND INSTALLATION OF CRANE 
EXCAVATOR AND YARDER 
HOJST WINCHES 

Removal and installation of a hoist winch is a 
relatively straight lorward )ob. On most 
machines the winch is generally mounted so 
thai drum shaft assemblies come out as a unit* 
as seen in Figure 9-49. 



procedures on specific machines. 

ADJUSTMENT ON CONTRACTING 
BAND CLUTCH 




DRAG CLUTCH 
AND BRAKi 



BOOM HOIST SWING CLUTCH 

^"^^^^ (9-49) 

Coudasy oi Buoy rus- Erie Co 
of Canada Ltd. 



SOME POINTS WHEN REMOVING 
AND INSTALLING HOJST 
WJNCH COMPONENTS 

1 Before attempting to remove a drum shaft 
assembly, place the working implement 
controlled by the drum shaft in a safely 
lowered position and remove the cable 
from the drum 

2 Tag all hydraulic or air lines that are 
removed 

3 When the bearing caps and related ac- 
cessories have been removed, attach 
slings so that they provide a safe, even 
and balanced lift to the shaft assembly, 

SCHEDULED MAINTENANCE CHECKS, 
ADJUSTMENTS AND LUBRICATION 
ON HOIST WINCHES 

Like most clutches and brakes, hoist winch 
clutches and brakes require periodic ad- 
justment to compensate for normal running 
wear A clutch slipping under load or a brake 
not holdmg the drum indicates that ad- 
justments are needed. Tremendous strain is 
applied to these clutches and brakes and 
allowing slippage to go unchecked wiM soon 
lead to the parts failing. 

Typical adfustmg procedures are given befow. 
cna for a contracting band clutch and one for 
a contracting band brake Always refer to the 
service or operator's manual for the adjusting 




(9-50) 

Adjustment of contracting band clutches is 
recommended for smoother application and 
less maintenance to the air chamber assem- 
bly. To make the adjustment, disengage the 
clutch So that no arr is left in the chamberfi. 
Then adjust the setscrew (Figure 9-50) to ob- 
tain a 1/32" clearance, all around, between 
the clutch surface and the lining. 

CLUTCH BAND LINERS 

Clutch band liners wear more rapidly on the 
fixed end than on the moving end. 
" AMERICAN*' clutch bands are made with 
both ends alike so that after a period of 
operation in one position, they may be rever- 
sed to give additional service life. 

The clutch band liners should be examined 
periodically for wear, and they shoulu be 
renewed before they become thm enough to 
permit the rivets to contact the clutch surface 
and Cci;ise scoring. When linings have to be 
renewed, care must be exercised in their in- 
stallation to ensure that they are tightly and 
smoothly nveted to the band, and that the 
bands are not bent out of shape. After 
replacing the bands, they must be checked for 
"out-of-round ■ and if necessary, hammered 
back to shape to secure good contact at all 
points. 
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EXAMPLE 
ADJUSTMENT OF CONTRACTING 

BAND BRAKE 
(American Hoist and Derrick Co*) 



MAIN HOlST BRAKE ADJUSTMENT 




(9-51) C(xrrresV o( American HoiSl and Oemck Co 



1 Wiih new or newly refined band set gap on 
metal portion of band ai poinl "B" lo 1- 
1/2" (381 cm) 

2 Disconnect spring loaded air brakes by 
removing pin **G" from clevis 

3 Adiust pedal to operators preference by 
extending or retracting reach rod. General 
setting is so the full line pull may be held 
in the last notch of the pedal latch 

4 Set Irfter "A^ at dead end with brake set 
030" (762 mm) clearance. 

5 Make sure that guide X" ts free cf both 
band and guide bars on band. 

6 Set l:ft^: " D" at live end with brake set to 
050" (1 524 mm) clearance. 



7 Ad)usl lifter spnng ' E" 50 that it has 
pie lilting force to disengage band when 
brake is released* but be very careful that 
the spring is not lightened to the point 
where there is no recoil left in it. 

8. Test with load and make final and all 
luture adiustments at split "B". 

9 Ad|ust the clevises "L" on the brake 
chamber rods ontil they can be connected 
to the brake pedal hnkage. The hoist 
brake pedal and brake valve (on lever 
stand) must be released (air in brake). 
Allow 1/8'' (3 18 mm) clearance between 
the back of brake chamber and the nut 
and washers on the brake chamber rod. 
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LUBRICATION FOR HOIST WINCHES 

Lubrication for hoist winches will be found in 
service manuals. The more mechanical the 
hoist machinery the more lubrication points u 
will have Most of the bearings for deck 
machinery, operating levers, shafts, bell 
cmnks. etc - have grease fittings tapped direc- 
tly into the bearings Location of these fittings 
as w It as othpr points on the deck machinery 
that require lubrication will be shown in the 
manual on lube ciarts. A chart may show in- 
dividual drum shafts or it may show a com- 
plete deck plan. Some charts also mctude the 
type of lubricant and lubrication interval 
Exampit^s of lube charts are shown in Figure 
9-52 and 9-53 



MAIN & AUXILIARY HOIST DRUM ASSEMBLY 




HOLES IN LAGGINGS 



(9-52) 

Courtesy of Amertcar. HOiSt 
and Derrick Co 
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BOOM HOIST CLUTCH SHAFT ASSEMBLY 



LUBRICATION 




MAIN HOIST CLUTCH ASSEMBLY THIRD DRUM ClUTCH ASSEMBLY 




Couri^y oi Amencan HoiSl 
and Oerr*ck Co 

(9-52) 



234 



9:42 



WINCHES 



EXCAVATOR LUBRICATION (HOIST MACHINERY 
LUBE POINTS ARE STARRED (* )) 



LUBRICATE MOTORS AND 
GENERATORS ACCORDING 
TO INSTRUCTIONS ON 
MOTOR OR GENERATOR* 



HOIST GEAR CASE 
80 GALLONS 
GO 



. HaSTDRUMSEALS 
MAGNETORQUE 2 POINTS 

^ !5^lK?Tr EVERY 200 HOURS 
2 POINTS f^pQ 

EVERY 200 HOURS 
MPG 



THE LUBRICATION RECOMMENDED 
IS BASED ON OPERATION OF THE 
MACHINE EIGHT HOURS EACH DAY^ 
FIVE DAYS PER WEEK* LUBRICATION 
SCHEDULES SHOULD BE ADJUSTED ON 
THIS BASIS. 

SYMBOLS 

MULTIPURPOSE GREASE 
GEARCrtL 
GEAR LUBRICANT 
MOTOR OIL 
INSUIATING OIL 



COUPLINGS 
2000 HOURS 




aIR COMPRESSOR 
CHECK EVERY 40 HOURS 
DRAIN AND REFILL 
EVERY 1000 HOURS 
MO 



MAIN aL CONTACTORS 
CHECK EVERY 1000 HOURS 
45 GALLONS 
10 



SWING GEAR 

CASE LH 
40 GALLONS 
GO 



DIPPER TRIP 
I POINT -DRUMBEARiNG 
{SEE MOTOR NAMEPLATE) 
1 POINT-RING GEAR 
EVERY 120 HOURS 



{9 :>3) 



Coufiesy o' Harmschfeger Corporahori P&H 
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QUESTIONS — MAINTENANCE OF 
HOIST WINCHES 

1 Whai IS the first step that must be done 
before removing a hoist winch drum and 
shall assembly? 

2 An mdication that adjustments to the 
clutch and brakes on a hoist winch are 
required is that the wmch 

ia) operates slowly. 

(b) applies and releases with dilliculty. 

(c) will not release 

(d) slips under load. 

3. A lypicai ad|ustment procedure for a shoe 
clutch requires that the adjustment be 
made so that the clearance between the 
shoes and the drum is approximately: 

(a) 1/4" 

(b) 1/32" 

(c) 1/64" 

(d) 1/8" 

4. True or False? Hoist winch assemblies 
should be lubricated on a "whenever 
required" basis 

5. Referring to the excavator lubrication 
chart (Figure 9-53>. find at what interval 
the hoist drum seals are greased and what 
type ol grease is used. 
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WIRE ROPE 

Wire rope comes in a number of diameters, 
cross sectional constructions and strengths it 
has many uses in the heavy duty mechanical 
field, a few of which are shown in Figure 9-54 




(9-54) POWER ".HOVEL (EXCAVATOR) 
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County of Mdrltn and Black 
{9'54) Wire Ropes Ltd 



4 PART BRIDLE SLING 




Courtesy of Martin and Black 
Wire Ropes Lid 
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LOGGING 




{9-55) Courtesy ol S Madill Lid 
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The parts of a wire rope are the wire* the 
strand, and the core (Figure 9-56). 



9:47 



(9-56) 



CORE 



WIRE 



STRAND 



The cross section o* a common six strand wire 
rope IS shown in Figure 9-57. 



Coufiesy 0^ Marim and Black 
Wire Ropes Ltd 




Couriesy o1 Martm and BfacK 
Wire Ropes Ltd 

MEASURING A WIRE ROPE 

The diameter of a wire rope is identical to that 
of a cjrcle which would surround the rope. To 
gauge a rope be sure that the faces of the 
calipers arc in contact with the crowns of two 
opposite strands and not in contact with four 
strands (Fjgure 9-58), To be certain that the 
calipers are in the correct position rotate 
them aroijnd the rope: the greatest 
measurement is the correct size. 

Nolo: After a rope has been in use it is 
sometimes possible to get two 
**correct * readings of its size that vary 
considerably, Differer t readings can 
occur when the rope has fost its shape 
due to crushing or when there is 
corrosion or core damage at in- 
termittent points afong the rope. 



p 


J 




|J||ij.l!lllJilr1ihLf|hl]Ulm^^ 














// CORRECT 



a r 




(9-58) 



Courie^vy of Mdrtm and Black 
Wire Ropes Ltd 
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The core m a w^re rope is Ihe central section 
around vA/hich the strands are laid. Cores can 
be made of fiber or sleel. 

' Fiber Core 

Fiber cores can be made of vegetable 
fibers such as manila> jute or sisal 
although increasing use is being made of 
manmade fibers. Polypropylene, for exam- 
ple, offers the advantage of better 
resistance to rotting^ drying out and other 
forms of deterioration than natural fibers. 

The mam functron of a fiber core is to 
cushion the steel si rands during 
operation. Also because the core is 
usuatly impregnated with lubricant before 
manufacture, it acts as an internal 
lubricator during the operation of the 
rope Fiber core are the most flexible wire 
ropes. 

2. Steel Cores 

A steel core is usually a small separate or 
independent wire rope referred to as an 
IWRC An IWRC normally has a core and 
SIX strands (Figure 9-59). A wire strand 
can also be used as a steel core on fairly 
non flexible rope, such as guy wires 
(Figure 9-59) 

A steel core adds strength (7'/a% 
minimum) and provides resistance to 
Crushing. Additional strength is not the 
only reason for specifying a steel core. 
Where a steel core is required excessive 
heal in the operation of a rope could 
cause charring of the fiber An IWRC is 
also essential for maximum performance 
on such applications as sfiovel hoist lines, 
draglines, etc. 



Wire m a w^re rope vanes \t\ its diameter and 
the type of steel *t ^s made ol The steel will 
range from having great strength to having 
less strength but more durability or resistance 
to faligue. Note that it is wrong to think that 
the rope with the strongest steel is 
necessarily going to be the best for every job 
For example on a given |Ob, a rope made with 
a ductile flexible steel may out perform and 
out last a rope made of a steel with a higher 
breaking strength. 

When corrosive conditions warrant rope 
protection over and above normal lubrication^ 
wire IS galvanized. 

STRANDS 

CHARACTERISTICS OF STRANDS 

! Strands are classified by the number of 
strands on a rope and the number of wires 
per strand 



CtASSlFlCATtON 

6 ' 7 
6 ' 19 

8 ' l^i 



NO, OF 
STRANOS 

e 
e 
♦> 



WIRES PER 
STRANO 

7 

16 10 2*> 
IQ ?6 




19 wire strand 




6x25 

tWRC 



(9-59) 



Courtosy oi Manm and Slack 

Wire Ropes tt<* . 
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The wires on a strand have different cross 
sectional paUerns, three of the mosl com' 
mon are shown in Figure 9-60. 




SEALE CONSTRUCTION 

One tflyer of wires is laid over an equal number of sn^aller wires* with the 
same length and direction of lay. The wires in the outer layer are supported 
rn the valfeys between the wires of the inner layers 



FILLER CONSTRUCTION 

In this constnjction. the outer wires are supported by half their number of 
main inner wires with an equal number of small filter wires* 




WARRINGTON SEALE 

A strand construction in wh*ch one laver of wjres is composed of alternat- 
ing large and small wires. The length of lay anJ number of wires in each 
layer* are equal- 



In larger SMe wue ropes, more than one of the 
single strand. 

3 Mosl wire rope today is preformed that js* 
each wire and strand is preset to the exact 
helical shape it will take m the finished 
rope A preformed rope won't unravel 
when cut Preforr^ed wire rope is more 
flexible* lasts longer, and is easier to 
splice ^-61) 



above basic constructions may be integrated m a 

^^'^^^ Courcesy of Mamn and Black 

Wire Ropes Lid 
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A. Lays ol Wire Rope 

(Martin and BJack Mrinuaf), The term "(ay*' 
has two meaninQs in reference to wire 
rope, 

(a) When used to describe the direction 
of rotation of wires the term is usually 
applied to two basic lays: 

Regular Lay is applied where the 
Wires turn in the opposite direction to 
that of the strands m the rope. The 
outer wires of the strands are parallel 
to Ihe rope axis (Figure 9-62). 

In Langs Lay, the wires in each 
strand are laid m the same direction 
as the strands of the rope (Figure 9- 
62) The outer wires of the strands are 
at an angle to the rope axis and much 
kf.iger lengths of Ihe individual wires 
ar$ e> posed 





REGULAR LAY LANGS LAY 

Couriesy ol Martin and Black 
Wire RoQes Lfd 

The advantages and disadvantages 
are. 

Regular Lay: Greater resistance to 
crushing on drums than Langs Lay; it 
should always be used on a single 
part hue. or when one end is free to 
rotate. 



ERIC 



243 



WINCHES 



9:51 



Langs Lay: More flexible and offers 
greater resistance to abrasion than 
Regular Lay ropes. Only applications 
where both ends are fixed are 
suitable for Langs Lay rope, it should 
not be used wjth a swivel ternmnal. 
Langs Lay cable is used on power 
shovels and draglines and for nnine 
hoisting. 

Right or left lay is decernriined by the 
direction in which the strands are 
laid in the rope The strands in a left 
lay rope (Figure 9-63) run to the left 
from the top to the bottom (which 
ever way you look at the rope). 
Strands in a right lay rope (Figure 9- 
53) run to the right from top lo bot- 
tom The vasi majority of ropes are 
right-regular lay. 




Left Lay 



(b) The term lay is also used as a rope 
measurement. One rope lay is the 
length along the rope which one 
strand takes to make one complete 
spiral around the core. 



being good maintenance policy, periodic 
inspection of all wire rope in critical lifting 
service is required by government 
regulations, and records of the inspection 
must be kept. Wire rope should be 
replaced when a qualified inspector feels 
it can no longer safely do the job it was in* 
tended to do. 

Points on Inspecting WEre Rope 

(a) When checking wire rope, the rope 
should not be in motion or should not 
be supporting a load: it should have 
no stress on it, 

(b) All rope used in vertical lifting ser- 
vice should be checked and each 
rope must be considered separately. 

(c) inspections should be done weekly. 

(d) There are certain points along any 
given rope which should receive 
more attention lhan others, since 
some areas will usually be subjected 
to greater internal stresses, or to 
greater exiernal forces and hazards. 
Although different types of cable ap- 
plications will have different critical 
points (Figure 9-64) some common 
ones are: 

Pick 'Op Points — These are sections 
of rope which are repeatedly placed 
under stress when the intitial load is 
applied. Examples are the sections of 
rope in contact with sheaves. 

End Attachments — Al each end of 
the rope, two things nriusl be in- 
spected, the fitting that is attached lo 
the rope, or to which the rope is at- 
tached, and I he condition of the rope 
Itself where it enters the attachment. 




(9-63) Cour:esy oi Leschen Wire ROPe Co 



WIRE ROPE INSPECTION 

Eventually all wire rope deteriorates to a 
point where tt is no longer serviceable or 
safe. Regular inspections, therefore, are 
necessary to ensure that the rope ^s in ac- 
ceptable working condition. Besides 
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Abuse Points — Frequently, ropes 
are subjected to abnormal scuffing 
and scraping such as where the rope 
contacts cross-members of a *jOom, 
Look for bright or shiny spots on the 
rope. 
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(9-64) CABLE CRITICAL POINTS 



An inspection of wire rope should include 
checks for the conditions below (Figure 9- 
6tl If any of these conditions are found, 
the strength of the rope is in question and 
the possibility of replacing it should be 
considered. 



EXTERNAL ROPE DAMAGE 
OR ABUSE 

Rope Abuse — Kinking, drum crushing, bird 
caged and trapped rope are shown in Figure 9- 
65. 




An "OPEN KINK 



An "OPEN KINK" after straightening (noie 
misplaced wires and strands) 



(9-65) 



Counesy oi Mariin and Slack 
w»re Ropes Lid 
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A rope With snagged wires resulting Jrom"DRUM A BIRDCAGE 
CRUSHING" tight sheave 

(9,g5) Co^^ftesy o( Marun and Black 

Wire Rope Hd 



which has been forced through a 



(9-65) 




One manufacturer recommends that any 
broken wires at the dead end of a cable 
should be cause for cutting off a section, 
preferrably at least three feet beyond Ihe 
broken wires Refasten or re-socket the rope. 



A rope that has been TRAPPED 
off a sheave 



after jumping ^j^i^q check for: 



Corrosion — look for serious corrosion in the 
rope 

End Point of Cable — Check (1) for broken 
wires where the rope is attached to the fixture 
(Figure 9-66) and (2) that the fixture is firmly 
attached to the rope or that the rope is firmly 
secured to the drum. 




1. The core showing through more than one 
pair of strands^ 

2 Evidence of improper lubrication of the 
rope Evidence of the rope overheating or 
coming in contact with an electrical cir- 
cuit. 

3. The amount of wear on outer wires. The 
Operating Engineer s Manual recom- 
mends that wire rope should be replaced 
when the wires rn the crown of the strand 
are worn to less than 60% of their original 
diameter (Figure 9-67), 




(9-66) 



(9-67) Rope which has Ijeen worn due to ABRASION 
(Note even wear around the strancJs). 

Couriesy oi Martirt artd Black 
Wire Ropes Hd 
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DIAMETER MEASUREMENT AND BROKEN 
WIRE COUNT 

Reduction Irt Rope Diameter: Measure the 
rope diameter and compare the reading with 
the original diameter. A marked decrease can 
indicate a serious weakening of the ropt; 

Broken Wire Count: Broken w ires are 
probatty the most common sign of rope 
deterioration because it s normal for running 
rope to break wires near the end of its ser- 
viceable life. Two broken wire counts are 
made over one lay length of rope" 

t Count the number of broken wires in one 
rope lay length on the worst section of 
rope It IS important that the worst section 
be used for the count because that is the 
weakest section of rope Note ttiat this 
count totals the broken wires in all the 
strands m the one lay length. 

2 Count the number of broken wires in one 
strand in ;he lay length. Again, the worst 
strand or the strand with the most broken 
wires should be counted. 

The number of broken wires permitted per 
lay or per strand per lay is specified ac- 
cording to the rope size. For example, the 
Operating Engineer's (Manual using a 
count lor total broken strands per lay, 
recommends that rope stiould be replaced 
whten 

(a) three broken wires are found m one 
lay ol 6 X 7 wire rope 

(b) SIX broken wires are found in one lay 
of 6 X 19 wire rope. 

LOOKING FOR BROKEN WIRES 

A close search should be made for broken 
wires (Figure 9-68) With a sharp awl. pick and 
probe between wires and strands lifting any 
wires which appear loose or move ex- 
cessiv/ely. 




(9-68) BROKEN WIRES 

Courtesy of Mariin and Black 
Wire Ropes Lid 



Note that flexing a rope can oflen reveal 
broken wires thai may nol be visible when the 
rope IS straight (Figure 9-69) 



{9-69) 

Courtesy oi Man^n and Slack 
Wire Ropes nc 
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Records of inspections, as mentioned earher. must be kep* An example ol a Rope ln^'Dect^on record 
sheet IS given below Diameter Loss and the number of wire breaks would be recorded and com- 
pared to allowa'^.e tolerances 



Rope 
descrip* 

lion 
(hoist, 
swing 
line, etc.} 



Dale of 
Instal- 
lation 



Date of 
Inspec- 
tion 
Inspec- 
tor's 
Initials 



Rope Condition 



Nom 
dia, in, 
(when 
new) 
Col 1 



Current 
dia, 
In, 



Loss 
of 
dtai in. 
Col 2 



No, of 
wire 

breaks 

in one 
rope 
lay 

Col 3 



No, of 
wire 
breaks 
fn one 
sirand 
of one 

lay 
Col 4 



INSPEC. DRUMS AND SHEAVES 

The general condition of drums and sheaves 
should also i:e checked A thorough checking 
of sheaves mvolves checking each sheave 
with a groove gauge The drum should be ob- 
served in operation to check the drum wind 

In Summary a recommendec* order of 
procedures for carrying out a wire rope in- 
spection IS 

1 Measure diameter. Record. 

2 Couni broken wires (a) in one lay. (b) in 
one sirand m one lay. Record 

3 Check rope end points 

4 Inspect the rope end to end for external 
ddmage and abuse. Try to find the cause 
of damage and see if it can be prevented 
from happening again. 

5 Inspect -^e sheaves and drums 



LUBRICATING WIRE ROPE 

Wire rope has movmg parts. Each t*me a rope 
bends over a sheave or straighiens from a 
slack position, many strands move or slide 
against each other. Therefore to prevent rope 
Wires from wearing lubrication iS n», ^essary. 
An equally important reason for lubricating 
rope is to prevent ihe wires from corroding. 
Wire rope should not be allowed to rusi: rusty 
rope IS dangerous as there is no known 
method of inspecting it to determine its 
rema nng strength. 

No set rule can be given concerning the 
frequency of lubrication The frequency wHt 
depend on the conditions to which the rope is 
subiected The seventy of the duty and the 
degree of corrosiveness will have to serve as 
an .ndex m determining the need for 
lubrication Proper lubricant should be used 
The lubricant should be thin ©nough to 
penetrate the strands to the core, but not so 
thin thai it will run off the rope. The best 
lubricant is a fairly thick, semi-plastic type, 
which IS applied hot. in a thinned condition. 
This type of lubricant will penetrate while hot 
and then cool to form a plastic filler and 
coating, which will resist the penetration of 
water 



248 



9:56 



WINCHES 



Three methods of applying lubricant to wire 
rope are illustrated in Figure 9-70. Each has 
Its advur^'ages. and no single method is 
recommended in preference to iheolhers The 
most convenient method should be used 



LUBRICANT 




(9-70) 



SPLIT BOX METHOD 



SPLIT BOX METHOD-funnel shaped 
box fitted with burlap or wiper at outlet 
end. 



eURLAP 
WRAPPER 



Courtesy of Hamistife^er Corporation P&H 



POUR.ON METHOD 

THE POUR-ON MaHOD-oil should be 
tiot, yet adhesive. Always ho]d Ihe 
wiping swab behmd Ihe ^e^ve. 





BATH METHOD 

BATH HETHOD-fOf applying heavier- 
bodied lubricant at high t^rnperahife. 
Gas burners or steam heat ntay be used 
to maintain temperature of lubricant. 
RoPe should run Ihiou^ slo^ty. 




CUTTING WIRE ROPE 

When wire rope is to be cut- seizings should 
be placed on each side oi the cut line to 
prevent underlaying ol the strands. A seizing 
IS shown in Figure 9-71. The se:2ingon the lelt 
IS loose to show how it's wrapped On the 
right 15 the tightened seizing 



ROPE WOULD BE CUT HERE 

1 




(9-71) 



On prelormed wire rope, one seizing on each 
side ol the cut is usually considered to be sul- 



ficient. On nOn-preformed wire ropes less than 
7/8 inch in diameter, two seizings on each 
side are recommended- On nOn-preformed 
wire ropes Over 7/8 inch in diameter- three 
seizings are recommended- 

Three basic methods are recommended lOr 
cutting wire rope: 

1- Abrasive cutting tools. A suitable abrasive 
cutting machine wilt cut cable. 

2- Shearing tools. Wire cutters can be used 
to cut through smaller ropes, while special 
blade-action tools and a hammer are used 
for larger sizes- 

3- Flame- Welding equipment can be used to 
burn cuts through wire rOpe- Flame cut* 
ting isn't recommended if the wire strands 
need to be free after the cut as the torch 
tends to weld the strands together- 



ERJC 
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STORING WIRE ROPE REELS 

Wjre rope reels should be stored in a covered 
area if possible and on pallets or timbers 

CLAMPS AND SHEAVES 

WIRE ROPE CLAMPS 

Clamps are used to 

1 Form a loop in a rope in order to attach 
the rope to a Jixiure (Figure 9-72). 



CLAMPS 

>A METAL Eye 



(9-72) 

Courtesy 0^ Martm and Black 
Wwe Ropes Lid 

2. form loops to attach two ropes together. 
The metal eyes are connected together 

The U'Bolt in Figure 9-73 is a very common 
type ol clamp used with wire rope. Properly at- 
tached U-8olts are fairly efficient clamps: im- 
properly attached they are unsafe. 




Courtesy of Crosby Group 

0*v»SiO5 ol AmOncan HoiSt and OernCK 



Another type of clamp is the Double Saddle or 
Fist Grip clamp (Figure 9-74). These clamps 
are better than U-bolts because they can't be 
installed incorrectly (f.e.. they are the same on 
both enda) and they cause less damage to the 
wire rope. Also, a fist grip loop requires less 
rope turnback than a U-bolt loop and con- 
sequently fewer clamps are needed. In spite 
of the advantages of Double Saddle clamps* 
U-bolts still seem to be the most common 
clamp used* perhaps because they are 
cheaper and more readily available. 




(9-74) DOUBLE SADDLE CLAMP 



CouMesy of Crostiy Gro^iP 

OwiSiOn ol Ameoc^m hoiSI ond OeroCk Co 
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SHEAVES 

A Sheave (pronounced shiv) is a wheel with a 
grooved circumlerence around which a rope 
turns A clothesline puHey is a sheave. 
Sheaves used on heavy duty machines are 
made ol steel and either turn on or with an 
axle Tnese sheaves have either a bronze 
sleeve bearing or anti-friction bearings and 
generally have grease fltting(s) that must be 
lubricated (Figure 9-75). 



(9-75) 



SHEAVE CROSS SECTION 



Courtesy o* Mortin and Black 
Wire RoPe Lid 




The groove on a sheave is made to fit a par- 
ticular Size rope One of the major causes of 
premature rope failure is having sheaves and 
ropes incorrectly matched. A groove that is 
too small will pinch and distort a rope, 
wearing or damaging one or both rope sides 
Too large a groove gives the rope no lateral 
support which can cause the rope to llatten 
and the wires and strands to be displaced 
(Figure 9-76) 




GROOVE 
CORRECT 



II you need to match a sheave to a rope lirst 
measure the sheave with a groove gauge 
(Figure 9-77} Knowing the sheave size you 
can check with a rope manufacturing com- 
pany the rope size suitable lor it. 





(9-77)GROOvE 
GAUGE 

Courtesy ot Martm and Black 
Wue Ropes Ltd 




Courtesy of Maim and Black 
Wire Ropes Ltd 



(9-76) 



GROOVE TOO 
LARGE 



GROOVE TOO 
SMALL 
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Bending over sheaves \s a factor thai aJfects 
wire rope life. As the rope bends over a 
sheave or winds on and oH a winch drum, 
especially under load, it is subjected to added 
stress- The less bend the rope is forced to 
make the less strain imposed on the rope. The 
^'Diameter" of ihe sheave, therefore, is also 
important lo fope operation. Wire rope life in- 
creases as the ratio of sheave diameter to 
rope diameter increases A chart is given in 
Figure 9-78 showing the minimum sheave 
diameter size to rope diameter size 



(9-78) 




MINIMUM DIAMETERS: 

A Sheave or Drum of too small diameter v^ill hasten "fatigue" in any v^ire 
rope. The following table gives recommended minimum sheave tread 
diameters: 

For 6 X 7 construction 42 

For 6 X 25 Flattened Strand construction 36 

For 18 X 7 construction 34 



For 
For 
For 
For 
For 
For 
For 8 
For 6 
For 6 
For 8 



X 19 Seale, , 30 

x21 Filler,, 28 

x25 Filler,,,," 25 

X 26 construction 26 

X 31 construction 24 

X 36 construction 22 

X 19 Seale, 21 

X 41 construction 20 

X 43 " 21 

x25 " 18 



rope diameter 
rope diameter 
rope diameter 
rope diameter 
rope diameter 
rope diameter 
rope diameter 
rope diameter 
rope diameter 
rope diameter 
X rope diameter 
X rope diameter 
X rope diameter 
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Multiple sheaves are used on Lume machines 
toga*n mechanical advantage Increasing the 
number of lines and sheaves reduces (he 
speed the load bemg lifted but increases 
the amouni of load thai can be liMed. The 
shovel <n Figure 9-30 has a iwo part line to ihe 
buckel giving it a mechanical advantage d 
two in olher words, the bucket can lift (wice 
as much as it could with one line to it 

REMOVING AND INSTALLING WIRE ROPE 

TAKING WIRE FROM A COIL 

When unreeling w*re rope, it is important that 
the coil or reel rotate as the rope unwinds. If 
the coil or reel does not rotate, the wire will be 
twisted as it is uncoiled, and kinkmg wtll 
result 

Kinkmg is caused by the rope taking a spiral 
shape as the result of unnatural twist in the 
rope Figure 9-60 shows the progressive 
stages oi a kmk. and the end result 




3 



(9-80) KINKtNG OF WIRE ROPE 

Courtesy of Hamischfeger 



Part 1 of the jNustration shows the beginning 
oi a kmk At this stage, no harm will be done if 
the loop js immediately thrown out (o prevent 
further kinkmg. 

Part 2 of the tllustratjon shows the effect of 
the application of a load to a kinked line. The 
rope has been seriously strained and is no 
longer safe for maximum service. 

Part 3 shows the condition of the rope after 
the kink has been straightened out. Strands 
and wires are out of position. This creates 
unequal tension and strain and will cause ex- 
cessive additional wear on the damaged 
areas. 

Figure 9-81 shows the correct methods for 
unreeling ropes from coils or reels. 




WRONG WAY RIGHT WAY 

WHEN UNREELING OR UNCOILING WIRE ROPE 
- DO NOT ALLOW ROPE TO FORM A LOOP IF 
LOOPS ARE FORMED KINKING WILL RESULT 



(9-81) UNREELING WIRE ROPE 
Corporation p&H 



Another acceptable method of reeling rope off 
a reel is to place a shaft through the center of 
the reel and support the shaN so the reel can 
revolve as the rope is pullel ofl. H this method 
IS used, the reel should not be allowed to 
revolve so rapidly that it throws rope oU reel 
the rope oU siowiy. 
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REWINDING ROPE 

When unwinding rope front its storage reel to 
another reel or a drum, the rope must be 
reeved from Ihe lop of one reel lo (he top of 
the other. It is also acceptable for a.i un- 
derwind to reel from the bottom of one reel to 
the bottom of the other reel or drum. By 
following either of these procedures* you will 
avo*d twisting the rope (Figure 9-82). 




RIGHT 





WROWG 



(9-82) 



Couftesy of Martm an<; Black 
Wtro Fiopes Ltd 



WINDING ROPE ON A DRUM 

On grooved drums the cable will be laid m the 
correct position by the grooves, but on 
smooth faced drums* such as on a tractor 
mounted winch, attention must be given to 
getting an even lay on the first layer. When in- 
stallmg a new line on a tractor mounted 
winch, attach the line to the drum in the over- 
wind or underwind position, whichever the 
wmch IS set up for (most mounted winches are 
set ior Overwind). Then attach the other end to 
a firm tail-hold and winch the machine back- 
wards to load the drum. Watch that the first 
layer winds tight and snug. It the first layer is 
wound correctly, the rest of the cable should 
wind evenly on the drum. Caution; Keep 
hands clear of winding cable. 
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Figure 9^3 illustrates ihe correct way to at- 
tach left and fight lay rope to a drum that has 
provision for attaching the cable to either side 
and that can be overwound or underwound^ 
Note ihe point of view is from behind the 
drum. 

PROPER WIND 'I FOR 
RIGHT L 
(Use nghl tt^n6) 



PROPER WINDING 
LEFT LAY 
(Use reft hand) 



FOR 




OVERWIND 
Left to Right 



(9^3) 



UNDERWIND 
Left to Right 

Counesy of Martin and Brack 
Wire Ropes Ltd 



ATTACHING U-BOLTS 

U-Bolts must be attached the right numbers 
and in the right sequence to the correct side 
of thp cable. 



THE RIGHT WAY 




B 

THE WRONG WAY 




(9-84) 



Courtesy of Martin an<J Brack 
Wire Ropes Ltd 



In Figure 9^4, A the right way, the saddle of 
all the clips bears on the live part of the rope 
and the U*bolt bears on the dead P^rt. When 
the U*bort bears on the live side as rn Figure 
9^4, B the wrong way, there is a possibility of 
the rope being kinked or deformed 
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The table in Figure 9-85 shows the correct 
number of clips to be used for each size of 
rope wuh the proper spacing between them. 



DIAMETER OF ROPE 


NUMSER OF CLIPS 


SPACING CENTER 
TO CENTER 






2 










2 




2*//' 






2 




3" 






2 




3'>4" 


'a " 




3 




3'>4" 






3 




4" 


\ " 




3 




4" 






4 




4'/4" 






4 










4 




6" 


1 " 




5 




7" 






5 




7'/4" 


1 \ " 




6 




a' 






6 






1 ^ ' 
1^ ' 

2 " 


6 
6 
7 




12" 



Alter the ioad *s apphed to the ropa lessen Ihe tension and retighten the chps This vi/*ll compensate for 
the natural d^^imeter reduction of the rope under load 



The cable clamps should be put on in a set 
sequence After selecting the number of 
clamps according to the rope size and 
figuring out how long the dead end of the 
rope must be to give correct spacing between 
the clamps attach the clamps in the following 
order (Figure 9-85) 

Step 1 Attach the clip that is farthest from 
the eye Tighten it to the recom- 
mended torque. 

Slep 2 Attach the clip that is closest to the 
eye Firm it. but do not tighten. 

Step 3 Attach aft other clips- equally 
spaced, between the first two chps- 
Firm, but do not tighten them. 

Step 4 Apply tension to the rope at the eye 
and tighten all clips that havent 
been tightened. The torque on the 
chps should be checked after the 
rope has been operated 



(9-85) 



Courtesy ol Manin and Slack 
Wire noPes Ltd 



(9-85) 



CoiirieSy of Martrn and BiacK 
Wife fiooes Lid 




ATTACH 
SECOND 



ATTACH 
T>HIRD 



ATTACH 
FIRST 
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ATTACHING DOUBLE SADDLE CUPS 
{F\ST GRIP CLIPS) 

Since double saddle clips are the same on 
both ends they can't be put on incorrectly. 
Fewer of these clips are needed than U-bolts; 
check the manufacturer's recommendation for 
the number of bolts per cable size. The 
sequence of attaching the dps would be the 
same as for U-bolts, 

REEVING WIRE ROPE 

Reeving means installing or rigging wire rope 
to a machine ^ attaching the rope to the 
drum, passing rope over sheaves* and 
generally arranging the cable into its 
operating circuit. Figure 9-86 shows the 
reeving on a large mining shovel Since this 
particular machine has a fixed boom angle 
and a power operated crowd, it has only the 
hoist drum circuit to reeve. 




TOP VIEW 
(9-87) 



Coufiesy ol Harn^schfeger Corporation PSiH 



HOIST DRUM 



CA&LE (2> 



TWO BOOM 
POINT SHEAVES 



EQUALIZER 
SHEAVES 




CENTER DRUM 
CABLE ANCHORS 

SIDE CABLE 
ANCHORS 



LOWER, 
SHEAVE 



(9-86J HOIST REEVING OIAGRAM 



^UPPER 
SHEAVE 




(9-87) 

This cable system uses two cables of identical 
length and size The cables are attached one 
to either side of the drum. Each cable is 
passed over the boom point sheaves, down 
around the lower or bucket sheave, back over 
another boom point sheave, returning to the 
hoist drum near its center. Cable is therefore 
attached in four places to the drum, and when 
the line is winding, the two cables can appear 
to be four Figure 9-87 shows the locations 
where the cable is attached to the drum, and 
the anchors by which it is attached. Note the 
four ^e\s of grooves the line runs in; the two 
cables on the outside wind towards the inside 
whereas the two central lines wind towards 
the outside. 
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The cable system described above would be 
used on such a shovel as the onr- n Figure 9- 
88 Note that in this side view, only one boom 
point sheave can be seen and only one of the 
four drumljnes is visible. 



BOOM 
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THE REEVING OF TACKLE SLOCKS 

Tackle blocks give mechanical advant ge 
the more lines the blocks have the greater the 
load that can be lifted with the same pulling 
force- Note the reeving patterns on the sets of 
tackle blocks in Figure 9-90. 



SHACKLE 
BLOCK 




1 PART 
OF LINE 




HOOK 
BLOCK 



2 PARTS 
OF LINE 



3 PARTS 
OF LINE 



4 PARTS 
OF LINE 



6 PARTS 
OF LINE 



(9-90) 



Courtesy ol Marim and SiacK 
Wire Ropes Lid 



It IS good practice to use a shackle block as 
the upper one of a pair and a hook block as 
thp lower one A shackle is much stronger 
;*.a;^ a hook of the same size and the strain on 
be upper block is much greater than the 
lo\'^r one. The lower block supports only the 
loci:. ^her^as the upper block carries the load 
as well as the hoisting strain. Also a hook is 
more convenient on the lower block because 
It can more readily be attached to or detached 
from the load- Note that when reeving a set of 
blocks where the rope leads from a block that 
has more than two sheaves, attach the rope to 
one of the center sheaves so that the hoisting 
strain is olaced on the center of the block- 
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StLECUNG TACKLE BLOCKS 

A problem can anse in the shop or field in 
deciding what number of line Tar.kle Block to 
use When you know the weight of the load to 
be lifted and the tine pull of the winch or hoist 
drum that will do the pulling, the following 
chart (Figure 9-91) will give you the number of 
line parts of the Tackle Block to use: 



Number 
of Piirtt 
of Line 


Rotio for 

D VanVQ 

Sheovet 


Ratio for 
Anti-Friction 

RAarl na 
5h«ov«t 


1 


•96 


.98 


2 


1j87 


1.94 


3 


2.75 


2.88 


4 


3.59 


3.81 


5 


4.39 


4.71 


6 


5.16 


5.60 


7 


5,90 


6.47 


8 


6.60 


7.32 


9 


7.27 


8.1^ 


10 


7.91 


8.98 


1 1 


8.52 


9.79 


12 


9.11 


10.6 


13 


9.68 


11.4 


14 


10.2 


12.1 


15 


10.7 


12.9 


16 


1 1.2 


13.6 


17 


11.7 


14.3 


18 


12.2 


15.0 


19 


12.6 


15-7 


20 


13.0 


16.4 


21 


13.4 


17.0 


22 


13.8 


17.7 


23 


14,2 


18.3 


24 


14.5 


18.9 



(9-91) 



EXAMPLE PROBLEM 

The load you want to lift is 72.480 lbs . and the 
single line pull of the hoist-drum is 8000 lbs. 
The tackle sheaves you will use have bronze 
bushings. 

Step 1: Find the ratio of load weight to line 
pull 

line pull 8000 

Step 2: Look up the ratio, or the one closest 
to It. either in the Bronze Bushed 
Sheave column or the anti-friction 
bearing sheave column. When you 
find the ratio, look over on the same 
line to the first column which gives 
you the Number of Parts of line to 
use. In this case the 9.06 is closest to 
the 9.11. and so a tackle block with 
12 line parts is needed. 



Couriesy ol Martm and Black 
Wire ftope^ ' *^ 
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QUESTIONS — WIRE ROPE 

1 Wire rope is made oi three basic parts 
What are they? 

2 When measuring the diameter of wire 
rope. IS the caliper placed on the crowns 
of two opposite strands or in contact with 
Jour opposite strands? 

3 As cable gets thicker* less of it can be 
wounc* on a drum. Using t^e table on 
page 2 find the difference in feet be- 
tv/een the amount of 5/8" cable that can 
be wound on a F-50 Hi-cap drum and the 
amount of 1" cable. 

4 Give two functions that a fiber core will 
provide in a wire rope 

5 Wliat are the advantages of steel core in 
a v^'*re rope'' 

6 True or False'' The rope with the 
strongest steel is the best for every job 
Briefly support your answer 

7 "he figure 6x7 used lo classify strands 
m a wire rope means 

(a) there are 42 wires per strand. 

(b) there are 6 wres per strand and 7 
strands 'n the rope. 

(c) *here are 6 strands in the rope and 7 
wires per strand. 

(d) there are 42 wires ir the complete 
rope including the core 

8 When wire rope is preformed, it m^ians 
that each wire ar^'^ strand is preset to an 
exact stiape 

9 List at least two advantages of preformed 
wire rope 

10 In one of its medi. js the term "la^* 
describes the direction of rotation of 
wires in a rope What are the two basic 
lay^ and briefly describe the difference 
between them Give an example where 
each IS used 

11 The term "lay" also rppUes to the direc- 
iion of rotation ol the strands in a rope 
Which IS the most common, left lay or 
right lay'' 

Wh"t IS the m'^st common sign of wire 
$ deterioration 

■ rue or False'' When inspecting a wire 
ope. It should be supporting a load? 



14 Wire rope inspections should be done: 

(a) daily. 

(b) weekly. 

(c) monthly 

(d) yearly. 

The frequency of lubrication of wire rope 
depends on 

(a) its size. 

(b) length. 

(c) severity of duty and corrosive con- 
dilions. 

(d) weather conditions. 

16. What are cable clamps used for? 

17. True or False? A sheave groove that is 
too large is better than one that is too 
small. 

18 Briefly explain how the diameter of a 
sheave affects wire rope life. 

19 When installing a new line on a tractor 
winch drum. 

(a) hold onto the line and guide it onto 
the drum when operating the winch. 

(b) use your foot to guide the line onto 
the drum when operating the winch. 

(c) lai) hold the line to a stunnp or tree 
and wind the line onto the drum 
while pulling the tractor backwards. 

(d) the line will spool automatically 
when It is wound on. 

20 Correctly 'istalled cable clamps should 
be arranged so that the: 

(a) clamp saddles are all on the live end 
of the line. 

(b) clamp saddles are all on the dead 
end ol the I'ne. 

(c) clamp saddles are alternated be- 
tween the live *d dead ends ol the 
line. 

(d) It doesn't matter. 



ERIC 
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21. When fornnmg an eye on the end oi a 
1/2" piece of cable, ihe minimum number 
of U-bolt clamps that can be used is: 

(a) 2 

(b) 3 

(c) 4 

(d) 5 

22. When reeving tackle blocks, mcfeasif.g 
the number of line par Is over sheaves: 

(a) increases ihe mechanical ad* 
vantage. 

(b) decreases the rechanical ad* 
vantage 

(c) no change in mechanical ad* 
vantage: just decreases the lifting 
speed 

(d) no change m mechanical ad* 
vantage: lust increases tfi© lifting 
speed- 
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ANSWERS — TRACTOR MOUNTED 
WINCHES 

1 Live PTO from 3 torque convener- 
Live P.T.O. through a manual trans- 
mission. 

Hydraulic motor. 

2 (d) Overwind or underwmd 

3 True. 

4 Overwind 

5 (d) (a), (b) and (cJ are all correct. 

6 Sliding gear 
Power sh\i\. 
Hydraulic 

7 (b) Tractors master clutch must be 
disengaged 

8 By hydraulically applied clutch packs 

9 Splash. 

10 A hydraulic winch can be mounted in 
most cases, in whatever tocation it s 
required, provided that hydraulic iii^es 
can be connected to power it. 

11 (c) Band and multi-disc 

12 (c) Spring applied and hydraulic 
released 

13 (a) Reel in 

M The housing acts as a cooler to coot the 
hydraulic oil 

15 Provides a guide for the cable, allowing 
the cable to be reeted in at an angle 
without being damaged. 

16 A hydraulic pump and a hycJrautic motor. 



ANSWERS ~ MAINTENANCE AND REPAIR 
OF TRACTOR MOUNTED WINCHES 

1^ True. 

2 Condensation. 

3. (b) Daily, weekly, monthly schedule. 

4. 500 hours or 3 months 

5. False. 

6. True. 

7. Hydraulic ,est box. 
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ANSWERS — HOIST WINCHES 

1. The basic machine refers to the lower 
and upper works. 

The convertibility refers to various 
removable front ends which enable the 
machine to do different types of work, 

2. (e) Both (b) and (c) are right, 
3 (b) Longer and runs looser, 

4, (1) Size. 

(2) Ways of mounting, 

(3) Activating mechanisms 

5 (a) A clutch 

6 Brake 

7. (a) Rear drum shaft, 

8 The yarder drums have much larger 
capacity, 

9. (1) Grooved. 

(2) S^nooth tapered, 

10 (b) Increase 

11 True 

12, The multiple pieces are easier to remove 
and install 

13 Air 

14. (1) Hydraulic 
(2) A\r 

15- They are stronger clutches and brakes 
and can withstand heavier loads and 
higher heat under increased machine 
horsepower 

16 Magnetic fietd. 

17 False 

18- The hydraulic wmch. 

(1) takes less space, 

(2) has simpler controls, 

(3) requires fewer adjustments. 



ANSWERS — MAINTENANCE OF 
HOIST WINCHES 

1, Ensure that the working implement con- 
trolled by the drum sha,t is in a safely 
lowered position and tension is off the 
cable, 

2, (d) Slips under load, 

3, (b) 1/32" 

4, False. They require regular, scheduled 
lubrication. 

5, Every 200 hours with multi-purpose 
grease. 
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ANSWERS — WIRE ROPE 

1 (a) wire 

(b) strand 

(c) core 

2 On Ihe crowns of two opposite strands 

3 600 ft for the 5/8" cable and 215 ft. for 
Ihe V cable: so Ihe difference is 500 - 
215 - 385 fl 

4 A fiber core: 

(1 ) provides a cushion for the steel 
strands 

(2) Acts as an internal lubricator. 

5 A steel core: 

0 ) Adds strength, 

(2) Provides resistance to crushing, 

(3) Gives heat protection 

6 False. A rope with a ductile, flexible steel 
may out-last a rope made of a steel with 
a higher breaking strength 

7, (c) There are 6 strands in the rope and 
7 wires per strand, 

8 Helical, 

9. Preformed wire rope 

(1) Won t unravel when cut. 

(2> Is more flexible. 

(3) Lasts longer. 

(4) Is easier to splice. 

10 Regular Lay — wires in the strands la/ 
parallel to the rope. 

Lang s lay — wires m each strand lay \x\ 
the same direction a<> the stiands of the 
rope. 

Regular lay — general purpose rope. 

Lang s lay — apphcattons where both 
ends are fixed such as a hoist cable on a 
shovel 

11 Right lay, 

12. Broken wires. 

13 False 

14. (b) Weekly. 

15 (c) Sevisrity of duty and corrostve con- 
ditions. 



16 To form a loop in a wire rope in order to 
attach the rope to a fixture. 

17 False 

13 The less bend the wire rope is forced to 
make the less strain will be imposed on 
the rope. With less strain a rope will last 
longer 

19 (c) Tail hold the line to a stump or tree 
and wind the line onio Ihe drum while 
pulling Ihe tractor backwards, 

20 (a) Clamp saddles are all on the live 
end of Ihe line 

21 (b) 3, 

22 (a) Increases the mechanical ad- 
vantage. 
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TASKS — WmCHES, HOISTS 
AND CABLES 

TRACTOR MOUNTED WINCHES 

SCHEDULED MAINTENANCE 

1. Change the oil 2nd filters and do minor 
adjustments as outlined in the service 
manual 

SERVICE REPAIR 

1 Remove and install a crawler winch 
assembly using the correct tools, lifting 
equipment, ngging equipment and safety 
procedures outlined in the service 
manual 

CRANE AND SHOVEL HOIST WINCHES 

SCHEDULED MAINTENANCE 

1 Consulting the service manual lubricate, 
do minor clutch and/or brake adjustments, 
inspect air lines or hydraulic hnas and 
make any minor repairs or replace any 
damaged fmes 

SERVICE REPAIR 

1 Remove and install a hoist winch from a 
shoi^el or crane using the correct tools, 
lifting equipment, rigging and safety prac- 
tices outlined in the service manual. Rem^ 
stall the cable when complete. 

CABLES, CLAMPS AND SHEAVES 

SCHEDULED MAINTENANCE 

I Under the assistance of a journeyman, 
make a cable inspection on both standing 
and running cable such as would be found 
on a shove! or crane. Write a report to in- 
clude the measurements necessary to 
check the cable and note any signs of 
failure (See sec 54 16 W.C.B. Regulations 
Paragraph 23 Wi re Rope Rejection 
criteria ) 

SERVICE REPAIR 

1 Demonstrate correct care, handling and 
storage of cable 

2 install a new drum cable on a crawler 
mounted winch 

(a) Select the correct cable size and 
length. 



(b) Attach the cable to the correct side 
of the drum for either an over or an 
under wind. 

(c) Attach the other end of the cable to a 
secure tail hold and load the drum by 
winching the crawler backwards. 

3. Make an eye on a piece of 1/2" (12 mm) 
cable* using a thimble and wire rope cable 
clanip^ of correct size, number and 
placement to meet W.C.B. safety slan* 
daro's. 
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